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Abstract 
This project has the aim of calculating the efficiency of the tap water system, in explicit the 
heating of tap water, in Furugården, Valbo. Furugården is a new retirement home, building 
Furugården finished in 2013. The building is equipped with a waste water heat exchanger, 
solar collectors and in addition to that district heating.  
The temperature of hot water has to be above 55°C to minimize the change of legionella to 
develop in the system. The process of heating a building and tap water is a high energy using 
process.  An aspect what also has to be taken in account is the environment. The waste water 
and solar collectors can be seen as sustainable efficient systems. These systems should lower 
the output of pollutions and lower the costs of heating tap water.  
The waste water system increases the temperature of fresh cold water from an average 
temperature of 12°Celcius to 20°Celcius. This results in a increasing of 8°Celcius. From this 
result we can conclude that the system will save energy and costs. 
It would be an improvement install sensors of temperatures inside the incoming and outgoing 
pipes of the waste water system in order to know the efficiency of that 
Regarding the efficiency of solar collector heat exchanger, the results obtained has been 
successfully as theoretically expected. It is around 95% of the heat transfer from the solar 
collector is absorbs for the water flow on the second circuit of such system. 
The efficiency of the water tanks are not always working. This is because of a too high 
temperature in the collector system. When the temperature is too high, the pumps are not 
working and the system stops. This problem can be solved when the system has the right 
adjustments. 
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Introduction 
Furugården 
Furugården is a retirement house in Valbo, Gävleborg (Figure 1). Valbo is approximately 10 
kilometers east from Gävle. Furugården l has about 70 apartments. In 2010 Gavlegårdarna 
started with building a new flat, Furugården ll. Furugården ll should have space for another 50 
apartments.  The flat is completed in 2013 and brings the total amount of apartments to 120. 
In a retirement house there are no breaks or holidays. The demand of tap water is thus every 
day of the year. The use of tap water can fluctuate with week day (normal production days) or 
weekends.  
 
Figure 1, Location Furugården 
The tap water system from Furugården ll is of interest for this project. Furugården ll is using 
the following systems to heat the tap water:  
 Waste Water heat exchanger 
 Solar collectors 
 District heating 
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Process of heating water in Furugården 
Tap water is entering the building with a cold water flow. The pipe transporting this water is 
split up in two ways; one pipe is for cold tap water and is going via a couple of valves directly 
to the cold tap water system, the other pipe is going to the hot water system. The hot water 
system is consisting out of the waste water system, solar collectors and the district heating 
system.  Cold water is flowing through the waste water system to be heated. This is marked 
with a blue line in. The cold water is transferred in two ways, water can go direct through to 
the solar collectors or the flow is going into the waste water heat exchanger. (Figure 2) 
The first stage of the hot water system starts when the cold water enters the waste water 
system. In the waste water heat exchanger the temperature of the water will increase. The 
water exiting from the heat exchanger is going into the water tanks, as can be noticed 
following the yellow line.  
The second stage of hot water system comes from the solar collectors. The solar collector 
system is built out of two closed systems. System one, the green line, is the water plus glycol 
that is flowing thought the solar collectors and the heat exchanger. The second part of this 
system is the pink line. This is between the heat exchanger and the tanks.  
In the tanks the temperature of the water coming direct from the cold flow or from the waste 
water heat exchangers is increased with the second system of the solar collectors. The orange 
lines show the flow of this water.  
The temperature of the water coming from the tanks is checked and it can be used for hot tap 
water. If the temperature is not high enough than this water will go to the district heating to 
increase the temperature to a level that it can be used. The red lines indicate the hot water 
flow going up into the building. 
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Figure 2, Blue print tap water system 
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Background 
A background study has been done before the process of calculating the efficiency of the 
system. The focus of this is aimed to get knowledge about the different systems and the 
equations, information about tap water and also the way how the system works in Furugården.  
Water used as drinking water has to be at a certain temperature to be used. If water is not 
flowing and has a temperature between 25°C and 45°C it is perfect for the legionella 
bacterium to multiply[1]. Increasing water to a temperature of 55°C will ensure that the 
legionella bacterium is not multiplying or that the level of legionella in water stays at a save 
level. 
The blue prints of the system made the flow of water on paper clear, but in reality the system 
is more complicated than on paper. The heating system is equipped with several different heat 
exchangers, pumps, storage tanks and valves. The system of the solar collector and the district 
heating are compact and with a lot of different pipes and flows. Inside the heat exchangers the 
flow of the different streams is different to see. 
With help of the blue prints and the books of materials the necessary information about the 
solar collectors and waste water system is obtained. Information about district heating is 
received via Gävle Energi. 
With the study the different components of the systems become clear. Knowledge about the 
certain components is important to finally get the correct equations. For example calculating 
the wrong solar collector can lead to big differences in the results. The type of collectors is 
necessary for calculating the efficiency and production of energy. 
The background information that has been studied can be found in the theory part of the 
report. All the equations that are used for the calculations are found in the method.    
 Heating and efficiency 
The process of heating a building and tap water is a high energy using process. The 
production of heat is there for expensive. Creating a system with a high efficiency will lower 
the costs. There are a lot of studies about producing high efficiency systems. Not only systems 
will be considered but also new technology is brought on the market.  
Besides the costs of heating also the environmental aspects needs to be considered. 
Environmental friendly products and systems are becoming a standard. Not only at the 
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producer of heat, think about the district heating distributors, but also at the end user the 
environmental friendly production of heat is of importance.  
With sustainable products, such as solar collectors and the waste water system, Furugården 
has two systems to produce their own heat. These sustainable systems (waste water system 
and solar collectors) are heating tap water in two different ways. The waste water is 
increasing the temperature with the water that is coming back from the showers, tap water, 
laundry machines etc. Water and glycol is heated with the solar collectors and transferred to a 
heat exchanger.  
During the summer the waste water system and the solar collectors should produce enough 
heat to get the temperature of the tap water to a level that it can be used. It can be stated that 
the system in that period is self-sufficient and 100% environmental friendly. 
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Aim and objectives 
The aim of this thesis project is to show in a calculation the efficiency of the tap water system. 
The focus is on heating the tap water with a waste water heat exchanger, solar collectors and 
district heating. m 
The aim will be obtained with calculating the efficiency of the different systems. The systems 
are not working all the year through. So there will be a visualisation about the different 
systems working together.  
This will be shown with the combinations of the waste water system in combination with the 
solar collectors and the waste water system in combination with district heating.  
These are the combinations that are most common to be working together. The waste water 
system is working during the whole year. The solar collectors are only working when the 
temperature of the collectors are higher than the temperature of water inside the tanks. This 
has everything to do with the weather and temperature outside. Also when the water tanks are 
completely full than the solar collectors will not be used.  
In the case that the solar collectors are not working or the temperature of the tap water is not 
high enough than the district heating will be used to get to the right temperatures.   
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Limitations 
The building Furugården ll is completed in 2013. The installations and systems in the building 
are also working since this year. After the waste water system and the district heating were 
connected, the residents could move into the building. Information gained from the first 
period is not valid because the demand was not correct. The solar collector system is 
connected at the end of May. Data received from this system is from a short period. The data 
that has been used for the calculations of the systems are not from a complete year and had to 
be extrapolated. 
To calculate the temperature and energy efficiency of the heat exchanger there is a need of 
four temperatures. Information about the temperatures is necessary on both sides of the heat 
exchanger. One flow of the heat exchanger is the flow where the temperature needs to 
increase or decrease and the other flow has to transfer heat or cool the flow. The information 
that is obtained from the waste water heat exchanger is only the temperature of the flow that 
needs to be increased. There are no sensors for the other flow. Another critical point about the 
waste water flow is that the Cp of the flow is not known. The waste water flow can contain 
different types of polluters, for example soap from a shower or dishwasher.  
All the calculations for the solar collector system are done with the WinSun program and with 
an Excel file to calculate the Solar angles. The exactitude of the result depends on the 
outcome of the programs and the measurements taken by the engineers.  
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Theory 
The Sun, inexhaustible source of energy 
Almost all the energy that comes from the sun is the cause of the air streams, evaporation of 
surface water, well as formation of clouds, rain and therefore, the origin of the energy 
renewable, such as wind, wave and biomass. 
The sun is therefore, the main source of energy for any process which is located on our planet. 
In its nucleus, it is producing atomic reactions of nuclear fusion constantly that convert 
hydrogen into helium. This process releases a lot of energy that goes out to the sun´s visible 
surface (photosphere) to the space as solar rays. 
 
Solar radiation 
It is important to keep in mind that the light is one of the forms it takes this energy in order to 
move from one place to another. In the case of the sun, the solar rays spread through space in 
the form of electromagnetic waves of energy. This physical phenomenon is known as solar 
radiation. It is about 1,367 W/m2 and is called the solar constant. Not all radiation that 
reaches through the Earth goes through the upper layers of the atmosphere. 
The atmosphere affects the amount of solar radiation received. When solar radiation travels 
through the atmosphere, some of it is absorbed by the atmosphere (16%). Some of it is 
scattered to space (6%). Some of it is reflected by clouds (28%). About 47% of it reaches the 
Earth's surface. (figure 3) 
 
 
Figure 3,  Radiation on Earth 
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There are several variables that affect to the amount of the solar radiation that reach a certain 
point on the planet. The solar radiation is not the same everywhere on the planet. There is a 
difference between the poles and in the tropics due to the tilt of our planet towards the Sun 
(23.5 °). In the poles, there is not as much solar radiation as in the tropics. (Figure 4) 
 
 
Figure 4, Difference between poles 
 
 
The highest values of solar radiation are at latitudes above and below the tropics of Cancer 
and Capricorn. In that zone is where the solar rays are more vertical and pass through a thin 
atmospheric layer to reach its destination. 
Other aspects to keep in mind would be the season of the year, the atmospheric conditions and 
the moment of the day. During the cloudy days the solar radiation intensity decreases 
considerably. 
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Figure 5, Solar radiation Europe and Sweden 
 
Sunlight 
The way to collect the solar radiation can be in thermal energy or electricity, depending on the 
technology used. The heat is achieved by the solar thermal and electricity usually is gained 
through photovoltaic modules. 
 
Solar thermal energy in the world 
The solar thermal contribution in the global energy consumption is still very low. The people 
are being more optimistic about the future. Nowadays most of the solar collectors installed in 
the world have the aim of production of domestic hot water.  
The contribution of solar energy to heating systems is second in importance, an application 
that is particularly interesting in cold countries and is used frequently for both family homes 
and for all kinds of community facilities. 
Approximately 40% of the solar collectors of the world are installed in China. Around 10 
million families have hot water from the sun, which represents a saving of 6.3 million tons of 
coal per year, which avoids the emission of more than 13 million tons of CO2 
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European situation 
Europe represents only 9% of the global market for solar energy with an installed capacity of 
10,000 MWth (thermal MW) by the end of 2004, or what is the same, a total of 14 million m2 
of solar collectors in operation. 
The use of solar collectors for hot water production, as in the rest of the world, is the preferred 
by Europeans, followed by heating and very little significant pool heating. (Figure 6) 
 
 
 
 
Figure 6, Worldwide use of solar collectors 
 
In order to encourage the use of this renewable source compared to other less environmentally 
friendly, most European countries subsidize the companies and particulars for their 
installations. In the following table the use of solar heating in the European Union is shown. 
(Table 1) 
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Table 1, Solar heating in European Union 
 
 
 
How solar energy is used 
Solar thermal uses the sun's radiation to heat a fluid, usually water or air. The ability to 
transform sunlight into heat is precisely, the main principle of this renewable energy source. 
A black surface absorbs visible radiation; a white surface reflects all radiation, so its 
temperature will not increase very much. During sunny days, it will be enough whether 
sunlight falls directly to the collectors system in order to obtain energy demand needed to use 
in many different systems. In order to avoid leakage of energy, the solar collector systems are 
easy affected by natural processes that occur on Earth. For example the solar collector acts as 
a heat trap that will not allow that the heat energy can go outside. This system combines black 
body effect with the greenhouse effect. (Figure 7) [2] 
 13 
Mark Hilbolling    Iñaki Narváez 
 
Figure 7, Example flat plate solar collector 
 
 
 
Operation of a solar facilities 
The main objective for every  thermal solar collector  is to heat water of the sun's energy 
through the solar panels and transfer it to a storage system that supplies to the consumer when 
is needed.  
How it works: The solar collector absorbs the heat energy brought by sunlight. Once the fluid 
is circulating inside this system, is heated, it is important not to decreases its temperature, use 
thermal insulation as effective as possible. The storage tanks end up losing thermal energy 
achieved over time. In order to avoid possible energetic restrictions in those periods where 
there is not enough radiation or it has a higher demand than expected, most of the thermal 
solar energy systems have a secondary source in order to supply enough thermal energy at this 
deficit. In this installation District Heating is used when it is impossible to supply completely 
the thermal energy required. In the same system, it has a waste water system, where produces 
a previous heating in order to increase the temperature before the fluid goes into the solar 
collectors. 
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Figure 8, Closed-Loop Solar Water System 
 
 
Nowadays, solar collector can cover 50 to 80% of the total hot water demand of a house. 
Solar collectors 
The operating principle of the plane solar collector is based on a heat trap that combines the 
black body effect and the greenhouse effect. Thanks to this system is achieved absorb most of 
the solar radiation that reaches the surface and return the least possible 
The flat plate collectors are coated with an airtight box. On the upper side of this box, is 
placed a glass surface which lets sunlight goes through it and avoid heat losses. The different 
parts of the flat-plate solar collector are possible to be seen in the figure below. (Figure 9) 
Inside the sensor system is the absorber plate, made with materials that allow the conduction 
of heat without any problems (aluminum, copper, sheet metal etc.) 
 
Figure 9, Different parts of flat-plate solar collector 
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It is difficult to determine the amount of energy  will be obtained  in each moment, because 
this sort of solar collectors ready for the lower temperatures do not have any way to track the 
sun's position throughout the day, and capture both the direct and diffuse radiation with highly 
variable results. 
The efficiency of the solar collectors is defined by its yield curve, which allows knowing the 
amount of energy it is obtaining in every situation. (Figure 10) 
 
 
 
Figure 10, Yield curve of the solar collectors 
Equation 1, Efficiency curve 
  
          
 
 
Distribution system  
The solar collector systems depending on the liquid used in the system can be one or two 
circled 
One-circuit system:  
 
The heated liquid which circulates in the collector is the water for direct use itself. The 
advantage of this system is the simplicity; the disadvantage is that it must be used when it is 
not freezing outside. It is also a problem that lime-scale is produced while used or there is a 
hazard of the water boiling. (Figure 11) 
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Figure 11, One-circled system 
 
Two-circled system: 
 
The collector circuit  (first) is a separate closed circuit, which is filled up with antifreeze 
liquid. The antifreeze warmed up in the collector warms up the water in the reservoir with the 
help of a proper heat panel. Technically it is possible to omit the antifreeze liquid, and use 
water, which enables better heat exchange, but a smaller reservoir and small automatics is 
needed in this case. (Figure 12) 
 
Figure 12, Two-circled system 
  
The double circuit systems can be used safely all year round, their advantage is the higher 
yearly yield, the safe use, by eliminating the lime-scale, though their disadvantage is the 
higher costs due to the heat panel, and also the more complicated operation.[3] 
Solar Collector Systems:  
Based on the liquid work medium, the solar collector systems can be grouped into two 
systems: 
 Gravitational (Thermosiphon) 
 Pump operated circulation systems 
 17 
Mark Hilbolling    Iñaki Narváez 
Thermosiphon  
Thermosiphon systems use gravity to circulate the heat transfer medium (usually water) 
between collector and tank. (Figure 13) The medium is heated in the collector, rises to the top 
of the tank and cools down, then flows back to the bottom of the collector. Domestic hot 
water is taken either directly from the tank, or indirectly through a heat exchanger in the tank. 
The main benefit of this system is that it works without a pump and controller. This makes the 
systems simple and very cost effective. A well designed thermosiphon system is highly 
efficient.  
 
 
Figure 13, Natural flow systems 
 
However, with this type of system the tank must be located above or beside the collector. In 
most thermosiphon systems, the tank is fastened to the collector and both are situated on the 
roof. This solar thermal system is most common in the frost-free climates of Southern 
Europe. The principle can also be used in colder climates; the tank is then installed indoors. 
Pump operated circulation systems  
These are most common in Central and Northern Europe. The tank can be installed anywhere 
because the heat transfer fluid is circulated by a pump. Therefore, integration with other 
heating systems is easier.  The advantage of these systems is that the tank does not have to be 
located on the roof, mostly the tank is located in the basement. 
 
 
 
1 Collector  
2 Tank  
 3 Heat exchanger  
 4 Control unit  
5 Expansion Tank  
 6 Back-up heater  
 7 Consumer 
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\\\  
 
 
 
 
 
But higher flexibility comes with higher complexity: A forced circulation system needs 
sensors, a controller and a pump. A well-designed forced circulation system shows the same 
high performance and reliability as a thermosiphon system. [4] 
 
STORAGE 
The energy received from the sun does not always coincide with periods of higher 
consumption. For that reason, if it want to maximize the energy that the sun gives, it will be 
necessary to accumulate energy at those times of day when there is more radiation for later 
use when demand occurs. 
According to the specific characteristics of the storage tank and the materials with which it 
has been made, it will keep the heat stored during more or less time, from a few hours up to 
two days maximum. 
The storage capacity of the tank to be used must be balanced according to the solar collection 
area. If the storage capacity is too small the heat stored would be wasted, while if it is too big, 
it would not reach the proper operating temperatures. 
The most appropriate storage tank for radiation levels and hot water is 60 liters per square 
meter in regions with less daylight and 100 liters per m2 in areas with greater intensity of 
sunlight. 
Figure 14, Pump operated circulation systems 
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Figure 15,  Storage tanks inside the machines room of the building 
 
The proper choice of material of construction is particularly important because one of the 
most important problems is the solar water quality, can cause corrosion in the storage tank. 
Generally it is not advisable to make a solar system with two different materials because 
could appear creation of galvanic couples. In order to reduce losses in the storage tanks, are 
coated with an insulating material. 
Conventional support system 
The auxiliary power system is an essential element in every solar if it does not want to be 
restricted energy in those periods when the radiation and / or consumption is less than 
expected. It will be necessary to have a proper control mechanism in order to handle the 
installation, in order to minimize the entry into operation of the power system support. 
The control system is based on a set of sensors and automatic valves, that depending on the 
temperature of the solar tank, and the temperature used will activate or not the auxiliary 
system. 
Uses and applications  
 
 Hot water heating (Domestic hot water production, heaters) 
 Pool heating 
 
 Hot water heating: (Figure 16) 
Domestic hot water production: 
The hot water is, after heating, the second largest energy consumer in its homes: with 20% of 
total energy consumption. Today solar power is an ideal solution for the production of hot 
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water, being a fully mature and profitable alternative. The levels that are required to reach 
temperatures are typically between 40 - 45 °C. 
Solar thermal systems can cover 100% of the hot water demand during the summer and 50 to 
80% of the total throughout the year depending on the geographical location. 
 
Heaters System: 
The possibility to satisfy the necessity for heating the buildings is using solar energy. It is 
always attractive potential when you consider the high cost of maintaining in order to reach a 
comfortable temperature in a home during the winter months. 
Energy savings of over 25% which can reach in central and northern Europe is very common 
to use these facilities to cover part of the heating demand. In addition, these devices are 
usually compatible with the production of hot water. 
While conventional heating radiators supply water temperatures between 60 ° C, the solar 
collectors conventional flat plate (without any selective treatment in the absorber) do not 
usually work at temperatures above 60 ° C, so they are only used for preheating water. 
The best chance for a good heating using solar collector is combining a radiant floor system, 
which operates at a lower temperature to the radiators (30 to 40 ° C). 
 
 
Figure 16, Hot water production. (Domestic water and heaters) 
 
 
Pool heating: (Figure 17) 
Solar heating is in fact a quite economical way to achieve a stable and pleasant temperature in 
outdoor pools. Firstly to circulate the pool water directly through the solar collectors, it is not 
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necessary to use any type of heat exchanger or storage system. Secondly because the 
operating temperature is usually low (around 30 ° C), which means that is not necessary 
covers it with insulating material. Thus, it is able to reduce the price of the collector without 
excessive bias in performance. 
 
 
Figure 17, Pool heating 
 
Environmental Benefits 
Solar energy also contributes effectively to reducing CO2 emissions, responsible for global 
warming. It is estimated that with the use of a solar system for hot water production, a family 
can avoid, on average, the emission of one ton of CO2 per year 
 
Types of solar collectors for water heating 
There are 4 types of solar collector: 
 Glazed flat-plate collectors 
 Parabolic trough collector  
 Unglazed flat-plate collectors 
 Evacuated-tube collectors 
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Glazed flat-plate collectors: 
 
A glazed flat-plate collector (Figure 18) is a flat plate absorber fixed in a frame, with a single 
and double layer of glass on the top and an insulation panel at the backside. These are the 
most popular type of solar thermal collectors and are used in hot water, space heating and 
process heating applications. 
Sunlight passes through the glazing and strikes the absorber plate, which heats up, changing 
solar energy into heat energy. The heat is transferred to liquid passing through pipes attached 
to the absorber plate. Absorber plates are commonly painted with selective coatings, which 
absorb and retain heat better than ordinary black paint. Absorber plates are usually made of 
metal (typically copper or aluminum) because the metal is a good heat conductor. Copper is 
more expensive, but is a better conductor and less prone to corrosion than aluminum. In 
locations with average available solar energy, flat plate collectors are sized approximately 15 
to 30 cm² per 3,75 liter of one-day's hot water use. 
 
 
Figure 18, Parts of flat - plate solar collector 
 
[4] 
Absorber Plate 
The main element of a flat-plate collector (Figure 19) is the absorber plate. It covers the full 
working area of the collector and must perform three functions:  
 Absorb the maximum possible amount of solar irradiance 
 Conduct this heat into the working fluid at a minimum temperature difference 
 Lose a minimum amount of heat back to the surroundings. 
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Absorption: Solar irradiance passing through the glazing is absorbed directly on the absorber 
plate without intermediate reflection as in concentrating collectors. Surface coatings that have 
a high absorptance for short-wavelength (visible) light, are used on the absorber. Usually 
these coatings appear flat, indicating that they will absorb radiation coming from all directions 
equally well. Either paint or plating is used, and the resulting black surface will typically 
absorb over 95 percent of the incident solar radiation. 
 
 Heat Removal: The second function of the absorber plate is to transfer the absorbed energy 
into a heat-transfer fluid at a minimum temperature difference. This is normally done by 
conducting the absorbed heat to tubes or ducts that contain the heat-transfer fluid. The heat 
transfer fluid may either be a liquid (water or water with glycol) or gas (air). The important 
design criterion here is to provide sufficient heat transfer capability that the difference 
between the temperature of the absorber surface and the working fluid is not excessive; 
otherwise, the heat loss from the absorber would be excessive. High heat transfer rates are 
usually accomplished at the expense of pumping power and absorber plate material. 
 
Emittance: The third function is the temperature of the absorber surface is above ambient 
temperature, the surface re-radiates some of the heat it has absorbed back to the surroundings. 
This loss mechanism is a function of the emittance of the surface for low-temperature, long-
wavelength (infrared) radiation.  
A class of coatings will produce an absorber surface that is a good absorber of short-
wavelength solar irradiance but a poor emitter of long-wavelength radiant energy. 
 
Cover Sheets: The absorber is usually covered with one or more transparent or translucent 
cover sheets to reduce convective heat loss. If there is no cover sheet, heat is lost from the 
absorber because the absorber is hotter than ambient air. The cover sheet forms a trapped air 
space above the absorber, thereby reducing these losses. However, convective loss is not 
completely eliminated because a convective current is set up between the absorber and the 
cover sheet, transferring heat from the absorber to the cover sheet. 
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The number of cover sheets on commercial flat-plate collectors varies from none to three or 
more. Collectors with no cover sheet have high efficiencies when operated at temperatures 
very near ambient temperature. This is because incoming energy is not lost by absorption or 
reflection by the cover sheet. A typical application for an uncovered flat-plate collector is for 
swimming pool heating, where temperatures less than 10ºC above ambient are required. 
Increases in the number of cover-sheets increases the temperature at which the collector can 
operate (or permits a given temperature to be reached at lower solar irradiance). One or two 
cover sheets are common, but triple glazed collectors have been designed for extreme 
climates. In addition to the added expense, each added cover sheet increases the collection 
efficiency at high temperature by reducing convection loss but decreases the efficiency at low 
temperatures because of the added absorption and reflectance of the cover. 
In regions of average mid-latitude temperatures and solar radiation, collectors with no glazing 
are generally used for applications to 32ºC, single-glazed collectors are used for applications 
to 70ºC, and double-glazing is used in applications above 70ºC. The collector efficiency 
increases with increasing solar irradiance level but decreases with increasing operating 
temperature. In regions of low average solar irradiance or extremely low temperatures, 
therefore, double-glazed collectors are used in applications where single-glazed collectors 
should be used normally and single-glazed collectors for unglazed applications. 
 
Advantages: Flat-plate collectors will absorb energy coming from all directions above the 
absorber (both beam and diffuse solar irradiance). Because of this characteristic, flat-plate 
collectors do not need to track the sun. They receive more solar energy than a similarly 
oriented concentrating collector, but when not tracked, have greater cosine losses. 
 
 
Figure 19, Flat-plate collectors 
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Non-tracking Option: Since tracking is not required, flat-plate collectors may be firmly fixed 
to a mounting structure, and rigid plumbing may be used to connect the collectors to the 
remainder of the system. Moving structure, motors, and tracking control systems are 
eliminated, thereby reducing the complexity of the system. In order to increase their output, 
flat-plate collectors may be repositioned at intervals or placed on a single- or two-axis 
tracking mechanism. Either of these options increases the output of the collector but 
eliminates the advantage of fixed piping and mounting structure. 
 
Diffuse Solar Radiation Utilization: A flat-plate collector absorbs both the direct and the 
diffuse components of solar radiation. This partially compensates for the fact that fixed 
surfaces receive less energy because of the cosine effect. Although the diffuse solar irradiance 
is only about 10% of the direct normal solar irradiance on a clear day, on a cloudy day almost 
all of the available solar irradiance is diffuse. 
Parabolic trough collector:  
This type of collector is generally used in solar power plants. A trough-shaped parabolic 
reflector (Figure 20) is used to concentrate sunlight on an insulated tube or heat pipe, placed 
at the focal point, containing coolant which transfers heat from the collectors to the boilers in 
the power station. 
 
Figure 20, Parabolic trough collector 
 
Unglazed flat-plate collectors: 
These solar thermal collectors are usually made of a black polymer, without a frame, with a 
glass cover and insulation on the backside. These collectors are low cost but have high 
thermal losses. Unglazed flat plate collectors are generally popular in countries, especially 
North America and Australia 
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Evacuated-tube collectors: 
These are collectors with the absorbers enclosed in a sealed vacuum tube (Figure 21). These 
are relatively expensive but have a high efficiency. These collectors are used in high 
temperature applications such as hot water, space heating, and process heating applications. 
These are very popular in China. 
 
 
Figure 21, Evacuated-tube collectors 
 
Incidence Angle Modifier (IAM). 
IAM is the variance in output performance of a solar collector as the angle of the sun changes 
in relation to the surface of the collector. When solar energy is absorbed by a collector at an 
angle other than perpendicular, the performance of that collector changes and measuring the 
IAM provides an angle based performance factor. [5] 
 
 
                         Figure 22,  Solar Tracking 
 
 
 
 
 
 
Figure 23, Solar collector performance 
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When the collector is perpendicular to the sun, a maximum value of 1 is achieved as the 
collector is receiving the maximum amount of radiation possible. In the case of flat-plate 
collectors, the maximum value of 1 is achieved at midday and is quite less during the morning 
and afternoon.  
The part of the irradiation reflected at the glass and absorber surface is not constant. It 
depends on the incidence angle of the solar irradiation. To account for this, an incident angle 
modifier (IAM) is multiplied by the maximum collector efficiency ηo in Equation 2.  In figure 
24 the IAM is generally given for the incident angles of 10°, 20°, 30°, 40°, 50°, 60° and 70°, 
but it can also be given as one of the following expressions: 
 
Equation 2, Angle of incident 
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It is possible to show an example of the IAM as function of incident angle for a flat plate 
collector. In the figure 24, it is possible to see that depending of such angle it will obtain 
different collector efficiency. [6] 
 
 
Figure 24, IAM as function of incidence angle 
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As the angle of the sun increases beyond 40 degrees the evacuated tubes begin to overlap and 
are exposed to less solar radiation. The surface area of the collector is still absorbing sunlight 
but performance is reduced due to the overlapping of the tubes. This has minimal effect on the 
overall daily performance of the collector because only a small percentage of sunlight falls 
beyond the optimal angle of 40 degrees (very early morning/very late afternoon). 
The result of the IAM effect equates to approximately a 25% increase in heat output 
performance compared to flat-plate collectors with the same absorber area and under the same 
operating conditions. The IAM is extremely important to consider when comparing heat 
output of different solar collectors, especially when comparing flat-plate collectors to 
evacuated tube collectors. 
The graph below (Figure 25) compares the IAM of Solar Panels Plus evacuated tubes to a 
premium flat-plate collector. You can see that both systems are about equal in the middle of 
the day but during the morning or afternoon the Solar Panels evacuated tubes have a much 
better angle of incidence.[7] 
 
 
 
 
 
 
 
Figure 25, Solar collector IAM curves 
 
 
 
Efficiency of a solar collector 
The efficiency of a solar collector is defined as a ratio of useful thermal energy compared to 
the total solar energy received. Thermal losses are optical losses. 
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The conversion factor or optical efficiency indicates what percentage of sunlight that enters 
the transparent cover of the collector (transmission) is absorbed. Basically, the product of the 
transmission rate of the cover and the absorption rate of the absorber 
A simple way to calculate the efficiency is shown in equation 3. 
Equation 3, Performance of a solar collector 
        
       
 
   
       
 
 
 
 
                        
                                               
     
                              
     
                              
                                            
                                     
                                  
 
The two parameters ηo, a1 and a2 are estimated by collector test measurements; ηo is also 
referred to as optical efficiency. Figure 26 shows typical collector efficiencies for a flat-plate 
collector. The thermal losses increase as temperature difference between collector and 
ambient air rises. At low solar irradiances, the efficiency decreases at a faster rate; for 
instance, at a solar irradiance of only 200 W/m², the output of figure 26 sample collector 
becomes zero even at a lower temperature difference (about 40°C).[8] 
 
Figure 26, Collector efficiencies at different irradiances and temperature differences 
 
The optical losses are constant regardless of the temperature. To minimize these losses some 
manufacturers use anti-reflective (AR) treated glass which increases the amount of radiation 
transmitted through the cover glass by reducing the reflection. 
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The efficiency varies depending of the collectors types (figure 27), depending on the water 
temperature difference between the inlet and outlet of the solar collector.  
 
 
Figure 27, Variation of efficiency for different types of collectors 
 
The efficiency of a solar collector is defined as the quotient of usable thermal energy versus 
received solar energy. Furthermore it has thermal and optical losses. [4]; [9] 
 
 
Figure 28, Efficiency and temperature ranges of various types of collectors 
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The collector power output can then be calculated as: 
 
Equation 4, Collector output 
             
 
                                     
                  
It is very important that the efficiency parameters are based on the same area as used in 
equation 4. 
Characteristic parameters of different types of solar collectors can be found in table 2. 
 
Table 2, Characteristic of different types of solar collectors 
Collector type 
Conversion 
factor  
η0 
Thermal Loss Factor  
U (W/m °C) 
Temperature 
Range (°C) 
Unglazed flat-plate collectors 0.9 15 - 25 (10- 40) 
Glazed flat-plate collectors 0.8 7 (10 - 60) 
Double-Glazed flat-plate 
collectors 
0.65 5 (10 - 80) 
Parabolic trough collector  0.8 5 (10 -80) 
Evacuated-tube collectors 0.7 2 (10 - 130) 
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Waste water system 
 
Heat recovery wastewater System: 
Heat recovery means the energy which is normally lost in the process is recovered by heat 
exchanger for reuse in the process. 
It want to get a balance between heat input and heat output. 
Qin= Qout 
The wastewater before going to drain, the hot bath passes the heat exchanger for cooling 
down and in turn for heating up of counter flowing fresh water. Theoretically more than 50% 
of energy coming from the wastewater can be recovered. In general, only 40 to 45 % of the 
wash bath is recovered, otherwise pre-wash temperature would exceed 40 °C. Acceptable pre-
wash temperatures over 40 °C allow higher volumes of wash bath recycling. 
Residential waste water system 
Waste water system is using and can be used for activities in each floor: Bath, shower, 
housework, washing as can be seen in figure 29. 
 
Figure 29, Waste water system 
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Water usage 
The average usage of water per household is shown in the table 5 below. The main sources 
that use hot water are shown in Chart 1.   
Table 3, Average use of water in households 
Amount of persons in household Average usage per year m³ 
1 45 
2 91 
3 137 
4 169 
5 201 
[10] 
 
Chart 1, Hot water usage 
 
 
 
The main function is recovering the heat. An important point to keep in mind is, try to 
maintain the heat that comes from the water of the bath and shower because it has to be used 
several times before it go down the drain forever. 
It recovers energy from wastewater. The system used with pumps the gray water still warm 
through a heat exchanger, serving in turn to heat the cold water supply. This saves valuable 
resources, reduces the gas bill or electricity and reduces CO2 emissions. 
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The large multi dwelling much water is used in shower and bath: 
 Hotels, residences, hostels 
 Pools 
 Leisure centers, sport and fitness 
The advantages are obvious: 
 Waste heat from the water in the shower and the tub is not wasted. 
 In the preparation of hot water can save up to 20 percent of energy costs. 
 CO2 emissions are also reduced. 
 This patented process is highly efficient. 
 The system works regardless of weather conditions and almost no maintenance. 
 The system operates fully automatically. 
 
There are several kind of uses of hot water in buildings, including showers, tubs, sinks, 
dishwashers, and clothes washers. Practically all of these cleaning applications, the 
wastewater retain a significant portion of its initial energy, energy that could be recovered and 
used.  In order to capture heat from wastewater produced by all sources in a dwelling and put 
it to use  a regenerator-type, it uses double-walled heat exchanger, one that can capture heat 
from wastewater generated by one source and apply this heat to assist another hot water 
demand that may occur at a later time. If wastewater generation is concurrent with the need 
for hot water (e.g., a shower), a no regenerative, straightforward heat exchanger can be used. 
In order to make the calculation about heat recovery, it is important to know the temperature 
difference of each side multiplied by the flow volume and the specific energy capacity, the 
result will be kWh output. 
The following section will indicate how a waste water heat exchanger works and the 
equations that can be used to calculate the economical and temperature efficiency of the 
system. 
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Figure 30, Interchange waste water with fresh water 
 
Table 4, Meaning of temperatures of the interchange 
 
 
 
 
 
 
 
 
Equation 5, Savings on Waste water system 
               
 
Equation 6, Calculating delta T 
            
 
  
Equation 7, Heat energy liberated for a temperature change of mass 
         
 
Equation 8, Efficiency fresh water vs Waste water 
        
 
When it is working with fluid and heat recovery is important to mention the four laws of 
thermodynamics. 
 
"Zeroth" law of thermodynamics 
If system A is in thermal equilibrium with system B, and system B is in thermal equilibrium 
with system C, then system A is in thermal equilibrium with system C. 
 
T1in Waste water inlet 
T1out Waste water outlet 
T2in Fresh water inlet 
T2out Fresh water outlet 
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Figure 31, Zeroth law of thermodynamics 
 
First law of thermodynamics 
Energy can neither be created nor destroyed; it can only change forms. 
 
Figure 32, First law of thermodynamics 
Second law of thermodynamics 
Two bodies which are at different temperatures exchange heat in such a manner that heat 
flows naturally from the hotter to the colder body. 
 
Figure 33,  Second law of thermodynamics 
Heat can only move from a higher to a lower temperature fluid, as can be seen in figure 34: 
 
 
 
Figure 34, Heat movement 
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Third law of thermodynamics 
A temperature of absolute zero (0 K) is unattainable.  
 
 
Figure 35, Third law of Thermodynamics 
 
[11] [12]  
 
As it was explained, in the second law of thermodynamics, there are two types of current used 
in order to recover the heat moving in different directions. 
Concurrent flow 
In the concurrent flow exchange mechanism, the two fluids flow in the same direction.The 
concurrent exchange system has a variable gradient over the length of the exchanger. With 
equal flows in the two tubes, this method of exchange is only capable of moving half of the 
property from one flow to the other, no matter how long the exchanger is. 
If each stream changes its property to be 50% closer to that of the opposite stream's inlet 
condition, exchange will stop when the point of equilibrium is reached, and the gradient has 
declined to zero. In the case of unequal flows, the equilibrium condition will occur somewhat 
closer to the conditions of the stream with the higher flow. 
 
 
Figure 36, Concurrent exchange mechanisms 
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Countercurrent flow 
Two tubes have a liquid flowing in opposite directions. The top tube starts off hot, the bottom 
cold. The system can maintain a nearly constant gradient between the two flows over their 
entire length. With a sufficiently long length and a sufficiently low flow rate this can result in 
almost all of the property heat transferred. 
 
 
Figure 37, Countercurrent exchange mechanisms 
The maximum amount of heat or mass transfer that can be obtained is higher with 
countercurrent than concurrent (parallel) exchange because countercurrent maintains a slowly 
declining difference or gradient. In concurrent exchange the initial gradient is higher but falls 
off quickly, leading to wasted potential. 
 
Figure 38, Waste water system working 
 
The flow might be laminar or turbulent  in ducts of the heat exchangers.The flow 
caracteristics depend on the flow speed, on the length of the flow and on the viscosity of the 
liquid ("Reynolds number"). Laminar flow leads to a poor heat exchange, however, In heat 
exchangers, the flow speed and length are limited due to the pressure losses, therefore, 
turbulences are increased by the heat exchanger design. A tubular regimen might be achieved 
simply changing the design of the duct where the flow comes through it or simply by 
increasing the velocity of the fluid through it. It is possible see that difference on figure 33. 
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Figure 39, Different flows and how is achieved. 
 
 
In order to calculate the optimizing the heat recovery, it should be known the temperature in 
different points and the difference between the inlet and outlet flow in each tube. 
Equation 9, Delta T 
 
               
 
               
 
The meaning of these temperatures it is possible to look at table 4. 
Therefore, the ideal heat recovery would be: 
 
Equation 10, Ideal heat recovery 
           
This is only possible in a theoretical situation with counter-current flow, with no losses to the 
surrounding and with infinite time. Anyway is complicated to reach such heat recovery. In 
this ideal situation, if all energy has been transferred from the waste water to the fresh water, 
then           must equal       .  
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It is a precondition for optimizing a heat exchanger obtain the same temperature difference 
between  the wastewater system and fresh water sytem.  
 ΔT1 = ΔT2. 
 
Equation 11, Heat equation 
          
 
Q fresh water = Q waste water (first law of thermodynamics). 
ΔT fresh water = ΔT waste water (as seen before). 
Cp fresh water = c waste water (heat capacity of water = 4.186 kJ/kg·K). 
Therefore: m fresh water = m waste water (mass in kg). 
 
Temperature difference between the wastewater system and the fresh water system might 
achieved when the mass of this two fluids in both directions are equal. 
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District heating 
District heating is a centralized heating system for multiple residences or commercial 
buildings. This can be a for example a small town or a certain district of a city. District 
heating is used for the heating of a building or for the use of warm water.  
District heating is used because of the following purposes; to create a more efficient way of 
heat production, more efficient than the individual production of heat and to utilize surplus 
heat.  
A district heating system exists of three parts, the production, distribution and the customer 
installation. The three parts are connected with each other. In the first stage the heat is 
generated in a district heating plant. Then the heat is distributed through pipelines to the 
customers. The customer installations make sure that the provided heat can be used in the 
building. 
 
Figure 40, District heating process 
 
Production 
The production of comes in most cases from Combined heat and power (CHP) stations. The 
heat is gained from recycled heat from power generation, industrial processes and from waste 
combustion. Another way of heat production is from geothermal heat, biomass, solar energy 
and wind energy. These renewable energy sources are in direct use to the system. Fossil fuels 
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can be used if there is a peak in the demand. Using district heating, especially from CHP plant 
will utilize the heat surplus which otherwise would be lost. Thereby the use of fossil fuels is 
brought to a minimum and also the emissions that come with the use of fossil fuels.  
The following picture shows in a simple way how district heating works. [13] 
 
 
Figure 41, Three steps of district heating 
Distribution  
The distribution of the hot water towards and returning from buildings happens through good 
insulated pipes. The pipe used for district heating exists of multiple layers; the outside cover, 
insulation and one or multiple pipes where water runs through. This can be seen in the 
following picture.  
Figure 42, District heating pipes 
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Although the pipes are covered with a good insulation there is a change of heat loss in the 
piping network and when installed the substation. In a typical network where the pipes, 
supply and return, are located underground, the heat losses per unit length (      ) can be 
calculated with the next equation.  
Equation 12, Heat losses in district heating pipes 
          
             
                           
  
Where        is an average temperature of the two pipes 
Equation 13, Average temperature in district heating pipes 
       
               
 
 
The losses are multiplied with 2. This is because the water is flowing through a supply and a 
return pipe.      is the thermal resistance of the insulation covering the pipes.        is the 
channel hole,          is the channel and       is the soil. Depending of the characteristics of 
the materials a calculation can be made.   
Pumps are used to circulate the water through the piping network. The pumps are usually 
located at the production plant. In order to make sure that the pressure is maintained 
throughout the piping network the pressure drops are measured. The pressure drops are 
measured close to the consumer. If the pressure is not high enough a new pump will be 
installed to increase the pressure.  
Consumer 
The consumer is the end user of the district heating network. The hot water is delivered to a 
substation located at the consumer. The substation is a heat exchanger that makes sure the 
water that is delivered to the consumer can be used.  
In the following picture a connection with district heating in a residential house is shown. In 
the substation there are two heat exchangers. The heat exchanger on the left is for the use of 
tap water. The heat exchanger on the right is for the space heating system of the building. The 
heat exchangers regulate the flow of water depending on the demand of heat in the building.  
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Figure 43, Connection District heating in residence 
 
According to the national board of housing and the building and planning’s building 
regulations a substation need to be able to supply hot water at a temperature of at least 50°C at 
the taps. The water of the substation needs to be not less than 55°C in order to ensure this 
requirement. New installations have the possibility to store hot water in a tank. In those cases 
the domestic hot water needs to be not less than 60°C.  In the following table a few different 
possibilities are shown plus the different temperatures of the water in the direction or location 
needed. 
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Table 5, Temperatures district heating 
 
District heating Global 
District heating is used all over the world. Russia and China are the countries that have the 
most installed capacity of district heating. In Iceland the most citizens, in percentage, are 
served by district heating. Over 95% of the residences and companies are heated with this 
system.[14] Other countries with a large share are Poland, Lithuania, Latvia, Estonia, 
Denmark and Finland. These countries have a share around the 50% of the citizens served.  
The energy supply for district heating is in most countries recycled heat. Remarkable is that in 
Iceland, who serves the highest percentage of citizens in their country, has a percentage of 
79% of direct renewable energy supply. Other fuels, like oil or gas, are used most to gain heat 
for the district heating in Russia.  
The average district heating price is in Denmark the most expensive. With 25 euro per GJ 
they are on top of the list. The average price per GJ is 15 euro. Citizens in Iceland pay 2,58 
euro for one GJ of district heating. [10] 
District heating Valbo 
Valbo is a town in Gävleborg’s county. The capital of Gävleborg is Gävle. The production of 
district heating in Valbo is coming from Gävle. There are three producers of district heating: 
Johannes, this is a CHP plant. Johannes is the most important producer of district heating. The 
Johannes plant had a production of 73.558 MWh of electricity, 335.699 MWh of Bio Heat 
and 3.848 MWh Fossil heat in the year 2012. The plant is owned by a sub-company of Gävle 
Energi called Gävle Kraftsvärme AB. 
Korsnäs is a forestry company. It is a pulp and paper mill. For the production the factory 
produces its own steam and the surplus of the steam is delivered to the district heating 
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network. The total production of heat in 2012 is 468.007MWh of Bio and waste heat and 
16.101 MWh of fossil heat. 
There are two reserve plants. These can be used for breakdowns. The plants Ersbro and 
Carlsborg can produce respectively 80MW and 60MW. 
 
Figure 44, District heating in Gävleborg 
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Method 
In order to calculate the efficiency of the systems in Furugården a list of equations is made. It 
is divided in a part to calculate the solar collectors and efficiency. 
Equations solar collector 
In order to calculate the total solar radiation on the solar collectors the following webpages 
are used. The exactitude of the data obtained from the webpages can differ. [14];[15] 
 
Irradiation calculations 
 
Equation 14, Direct irradiation on the tilted surface 
              
Equation 15, Diffuse Irradiation on a horizontal surface 
               
Equation 16, Direct irradiation on a horizontal surface 
                   
Ib = direct irradiation on the tilted surface 
Ib,n = direct irradiation on a surface normal to the sun 
θ = solar beam angle of incidence on the tilted surface 
Id,h = diffuse irradiation on a horizontal surface  
Ih  = global irradiation on a horizontal surface 
Ib,h  = direct irradiation on a horizontal surface 
θz = solar beam angle of incidence on a horizontal surface (zenith angle)   
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Equation 17, Diffuse irradiation 
Hay and Davies model: 
    
                      
 
   
             
       
 
    
   
   
 
                       
     
   
   
n = day of the year  
Id = diffuse irradiation on the tilted surface (W/m
2
) 
β  = surface tilt (from horizontal) 
Io,n = irradiation on a surface normal to the sun but outside the atmosphere (W/m
2
) 
 
Equation 18, Ground reflected irradiation 
         
          
 
 
     ground reflectance. 
          
 
                     
 
Equation 19, Total irradiation on a surface 
             
Calculation of solar angles 
 
Equation 20, Declination: 
   
                   
   
 
n = day of the year 
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Equation 21, Angle of incidence 
  αs = arcsin(cos(δ)cos(ω)cos(λ) + sin(δ)sin(λ))                 
   
Equation 22, Solar azimuth 
                                                            
(ω ≠ 0) 
                                               
(ω = 0) 
 
Performance of a solar collector 
 
Equation 23, Thermal output 
     
 
                                                 
Equation 24, Mean temperature of collector 
   
          
 
 
Equation 25, Direct radiation tilted surface (W/m2) 
                
Equation 26, Angle of incidence of modifier 
            
 
        
            
b0  = Characteristic parameter in the angle of incidence modifier 
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Karlsson Formula for a collector tilted 45° towards south in Sweden. 
 
Equation 27, Energy produced. 
     
 
                                      
Equation 28, Overall heat loss factor 
                  
 
If a2=0 the heat loss factor is independent of the temperature. 
 
 
    
Equation 29, Output from collector 
   
 
         
 
Equation 30, Absorbed Solar radiation-heat losses 
   
                
 
 
                                             
 
a0= Beam optical efficiency. 
a1= Constant part of the solar collector. 
a2= Temperature dependent part of heat loss factor of the solar collector. 
Equation 31, Karlsson equation, the efficiency 
  
 
 
        
  
  
    
   
 
  
If a2=0 the heat loss factor is independent of the temperature. Then: 
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Equation 32, Beam optical efficiency 
         
 0d : Diffuse optical efficiency.  
The Irradiance is written as G(W/m²) or I(W/m²) 
 
Heat exchanger: 
This installation has 4 heat exchanger and the equations are the same for they of all. 
Equation 33, Heat equation 
          
            
           
 
Q fresh water = Q waste water (first law of thermodynamics). 
ΔT fresh water = ΔT waste water (as seen before). 
Cp fresh water = c waste water (heat capacity of water = 4.186 kJ/kg·K). 
Therefore: m fresh water = m waste water (mass in Kg). 
 
Equation 34, Temperature efficiency for  hot fluid 
   
                  
                 
     
 
Equation 35, Temperature efficiency for cold fluid 
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Equation 36, Mean temperature 
   
     
 
 
Th,inlet , Th,outlet :  Inlet and outlet temperatures of hot fluid, respectively 
Tc,inlet , Tc,outlet :  Inlet and outlet temperatures of cold fluid, respectively 
Equation 37, Energy efficiency 
   
    
    
 
 
Qinc = Energy from incoming flow 
Qout= Energy from outgoing flow. 
[12] 
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Measurements: 
Waste water system, 05-06-2013 
Cold water is entering the system at the waste water system. The average temperature of the 
water entering the system is 12.5°C. The average outgoing temperature is 20.23°C. 
Chart 2Water temperature normal production day, waste water system 
  
The average flow of water passing through the waste water system day is 147 liter per hour. 
This is equal to 0.041 liter per second. 
Chart 3, Water flow in liters, normal production day, waste water system 
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Waste water system 06-06-2013 
Cold water is entering the system at the waste water system. The average temperature of the 
water entering the system is 12.7°C. The average outgoing temperature is 20.77°C. 
Chart 4, Water temperature, Sunday, waste water system 
 
The average flow of water passing through the waste water system day is 129,5 liter per hour. 
This is equal to 0.036 liter per second. 
Chart 5, Water flow in liters, Sunday, waste water system 
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Calculations water tanks 
Water tanks, 05-06-2013 
Water comes from the waste water system and the heating comes from the solar collectors. 
The average temperature of the water entering the system is 20.4°C. The average outgoing 
temperature is 52.1°C. 
Chart 6, Water temperature, normal production day, water tanks 
 
The average flow of water passing through the waste water system day is 147.6 liter per hour. 
This is equal to 0.041 liter per second. 
Chart 7, Water flow in liters, normal production day, water tanks 
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Water tanks, 06-06-2013 
Water is entering the system from the waste water system; the system is heated by the second 
stage of the solar collector system. The average temperature of the water entering the system 
is 20.9°C. The average outgoing temperature is 55.5°C. 
Chart 8, Water temperature, Sunday, water tanks 
 
The average flow of water passing through the water tanks on a Sunday is 130.25 liter per 
hour. This is equal to 0.036 liter per second. 
Chart 9, Water flow in liters, Sunday, water tanks 
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Calculations district heating 
District heating, 05-06-2013 
Water enters the system via the water tanks or additional water from the cold water system. 
The average temperature of the water entering the system is 66.7°C. The average outgoing 
temperature is 50.7°C. 
Chart 10, Water temperature, normal production day, district heating 
 
The average flow of water passing through the district heating system is 309 liter per hour. 
This is equal to 0.086 liter per second. 
 
Chart 11, Water flow in liters, normal production day, district heating 
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District heating, 06-06-2013 
Water enters the system via the water tanks or additional water from the cold water system. 
The average temperature of the water entering the system is 65.98°C. The average outgoing 
temperature is 50.46°C. 
Chart 12, Water temperature, Sunday, district heating 
 
The average flow of water passing through the District heating is 291.6 liter per hour. This is 
equal to 0.081 liter per second. 
Chart 13, Water flow in liters, Sunday, district heating 
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Comparing the difference 
 
 
Table 6, Comparing the difference, waste water system 
Data 05-06-2013 
Q1 
06-06-2013 
Q1 
Average input temperature 12,5 °C 12,7 °C 
Average outgoing temperature 20,2 °C 20,7 °C 
Average  T 7,7 °C 8,1 °C 
Average flow of water per hour 147 l 129,5 l 
Total flow of water  1765 l 1553 l  
 
The average input and outgoing temperatures of the waste water heat exchanger are almost 
the same. The input has a temperature difference of 0.2 °C and the outgoing temperature has a 
difference of 0.5°C. This leads to an average  T difference of 0.33°C.  
The flow of water on a Sunday (1553 liter) is 17.5 liters per hour less than on a normal 
production day (1765 liter). Hereby is estimated that water is going slower through the waste 
water system. When water is moving slower through the waste water system and it is heated 
with the same temperature, the temperature of the water passing through the system will 
increase more. As can be seen in the average  T where the  T on 05-06-2013 is 7.7°C and 
the  T on 06-06-2013 is 8,1°C.  
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Comparing the difference 
 
 
Table 7, Comparing the difference, water tanks 
Data 05-06-2013 Q3 06-06-2013 
Q3 
05-06-2013 
Q4 
06-06-2013 
Q4 
Average input 
temperature 
54 °C 73 °C 20.5 °C 
 
21 °C 
 
Average outgoing 
temperature 
42.7 °C 61.57 °C 52 °C 55.5 °C 
Average  T 11.26°C 11.43°C 31.6°C 34.5 °C 
Average flow of 
water per hour 
1521 1962 147 130 
Total flow of water  13692 15233 l 1772 l 1563 l  
 
The input temperatures of water in Q3 have a difference of 19°C  according to the average 
value. Q3 is related to the output of the solar collectors. This can fluctuate a lot since it is 
depending on the weather outside. The average  T on the other hand is almost the same. This 
indicates that the system is working properly. The difference is only 0.17°C. 
The average input temperatures of water in Q4 have a difference of only 0.4°C. The 
difference of the outgoing temperatures is higher, 3.5°C. This is because the hot stream of Q3 
is on 06-06-2013 is higher than on 05-06.2013. On 06-06-2013 there is more heat transferred 
in the heat exchanger. 
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Comparing the difference  
 
Table 8, Comparing the difference, District heating 
Data 05-06-2013 
Q4 
06-06-2013 
Q4 
05-06-2013 
Q5 
05-06-2013 
Q5 
Average input 
temperature 
52 °C 55.5  °C 66.7  °C 66 °C 
Average outgoing 
temperature 
60 °C 60  °C 50.7  °C 50.5  °C 
Average  T 8 °C 4.5  °C 16  °C 15.5 °C 
Average flow of water 
per hour 
147.6  130 309 291.6  
Total flow of water  1772 l 1563 l  3710 l 3500 l  
 
The flow of Q4 is entering in the district heating. The temperatures are the outgoing 
temperatures of the water tank. Noticeable is that the needs to be more heat coming from the 
district heating be added to the Q4 flow at 05-06-2013. This is because the incoming 
temperature is lower on that day. The temperatures in Q5 are more and less stable. This is 
because they are provided by the district heating network.  
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Solar Collectors 
 
The results obtained indicate that the solar collector does not work as expected, since the 
pump stops because of too high temperatures in the storage volume. 
The total solar radiation has varied during the week because depends of the weather. The 
temperature of the collector during the day is not as high as needed. That made not achieve 
the total energy that it is possible to absorb during the day. 
 
 
 
 
Chart 14, Total radiation, June 1 
 
Chart 15, Total radiation, June 2 
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Chart 16, Total radiation, June 3 
 
Chart 17, Total radiation June 4 
 
Chart 18, Total radiation, June 5 
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On 6th of June was a perfect days to heat the solar collector.  
Chart 19, Total radiation, June 6 
 
Chart 20, Total radiation, June7 
 
Chart 21, Total radiation, June 8 
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Chart 23, Total radiation, June 10 
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Chart 22, Total radiation, June 9 
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Chart 24, Total radiation, June 11 
 
 
The efficiency of a solar collector is defined as the ratio of the absorbed energy (power 
density) for the heat transfer fluid and the incident energy (solar energy density) on its 
surface. The following graphs show the efficiency obtained during the measurement days. 
The efficiency is calculated during days with high solar radiation. These were days with a lot 
of sun hours.  
Chart 25, Efficiency curve, June 5 
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Chart 26, Efficiency curve, June 6 
 
Chart 27, Efficiency curve, June 7 
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Chart 28, Efficiency curve, June 8 
 
An estimation of the thermal output of the collector system is show in the following graphics 
during the whole year. In July is the month where it would obtain the highest thermal output. 
During the winter season the solar radiation is lower than the rest of the month what means 
that the collector could not achieve the necessity temperature for that system. 
A simulation of the thermal output is made with the WinSun program. The simulation was 
carried out to obtain a clear idea about how the system works with a high solar radiation. The 
next chart shows this simulation.  
Chart 29, Thermal output of solar system 
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The total solar radiation is divided in direct radiation and diffuse radiation. All radiation is 
absorbed for the flat plat solar collector in order to increase the temperature of the flow that is 
flowing 
Chart 30, Total solar radiation 
 
 
The solar radiation obtained during this days, has been very few, due to the cloudy days. It is 
important to analyze the system in all conditions, but in order to know how the system is 
works at full power, it is necessary analyze with sunny days. 
The following charts visualize the solar radiation during the week of measurements. These 
charts are created to show the total solar radiation that was absorbed by the collectors during 
the whole day. It also shows how the radiation is divided between direct and diffuse radiation. 
Chart 31, Solar radiation, June 1 
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This different results have  obtained from the data collected from the web [14]. 
Chart 32, Solar radiation, June 2 
 
Chart 33, Solar radiation, June 3 
 
In the next chart is represented a complete cloudy day, where all total radiation is absorbs by 
the flat plate collector by diffuse radiation. It is possible to see that the total solar radiation 
was lower than the rest of the days studied, with 400W/m
2 
and the major part of this total 
solar radiation was mostly, diffuse radiation, absorbed by flat plat collectors. 
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Chart 34, Solar radiation, June 4 
 
 
Chart 35, Solar radiation, June 5 
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In the next chart it is represented a perfect day. The condition of the weather was clear during 
the whole day. This was an important day to see how the collector works on a perfect day.  
Chart 36, Solar radiation, June 6 
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Energy in the heat exchangers 
The following figure shows the system of heat exchangers in Furugården. Q1 is the waste 
water system. Q2 is the first system of the solar collectors. Q3 is the system between the heat 
exchanger from the solar collectors and the water tanks. Q4 is one side of the water tank, here 
the water of the waste water system is entering and later it flows towards the district heating 
tanks. Q5 is the part where water is flowing past the district heating towards the hot water 
demand of the building. Q6 is the hot water from the district heating system.  The energy in 
the heat exchangers is indicated with the following figure 45 and table 9.  
 
Figure 45, Total water system 
 
Table 9, Energy with Figure 45, Total water system 
Source / Day 05-06-2013 06-06-2013 
Q1 22.4 kW 15 kW 
Q2 26.8 kW 32.5 kW 
Q3 25.4 kW 31.2 kW 
Q4 64.2 kW 63  kW 
Q5 61  kW 57.7 kW 
Q6 70.6  kW 64 kW 
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Efficiency  
 
The following charts, chart 37 and 38, are indicating the energy balance of the solar collector 
heat exchanger.  
Chart 37, Energy balance Solar collector, 05-06-2013 
 
If we compare both chart during the 5
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 and 6
th
, it is possible to see that, during the 6th of June 
the day, was complete clear, so the energy produced by solar collector system was constant 
most of the day that 5
th
 of June.  
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Chart 38, Energy balance Solar collector, 06-06-2013 
 
 
The energy efficiency of the district heating is shown in the following charts. 
 
Chart 39, Energy balance District heating, 05-06-2013 
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Chart 40, Energy balance District heating, 06-06-2013 
 
 
 
It is not possible to calculate the efficiency of the Waste water heat exchanger due of 
unknown temperature and flow of waste water through the heat exchanger. 
A calculation is made to show the energy absorbed by fresh water going through the heat 
exchanger. 
Energy produced during 12hours on 5-06-2013 is 22,4 kW·h 
Chart 41, Absorbed power Waste water system, 05-06-2013 
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Energy produced during 12hours on 6-06-2013 is of 15 kW·h 
Chart 42, Absorbed power Waste water system, 06-06-2013 
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In the next chart is represented the power balance during 5th of June, and it has obtained a 
total energy during 12 hours of this day about 70kW·h . 
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Chart 43, Power balance District heating, 05-06-2013 
 
The efficiency in this system cannot be calculated due to the contra working with the heating 
system. 
 
In both charts, during 5
th
 and 6
th
 of June, it shows that the moment when the consumption of 
water coming from the district heating in order to increase the consumption water 
temperature, are in the first hours of the days, between 7 to 9 am. The energy transfer for 
district heating during twelve hours on 6
th
 of June was 64kW·h and the energy absorbs for the 
hot water consumption was 57kW·h, that means during the day is has used energy transfer by 
district heating for the heating system.  
Chart 44, Power balance District heating 06-06-2013 
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Discussion: 
The temperature of cold water is higher in the start of the day. A reason for this can be the low 
consumption of cold water at night.  
The consumption of hot water is at the highest level in the morning. Therefor the temperature 
and level of water in the water tanks is fluctuating a lot at this part of the day. In the morning 
the consumption of water from the district heating is also at the highest level. The temperature 
in the water tanks cannot reach a level that it can be used. This is because the solar collectors 
are not working at this time of the day. The temperature and solar radiation outside are not 
high enough. This is the reason why the solar collectors are not working. The district heating 
is heating the water from the water tanks to get to the right temperature.  
Regarding to the flow through the waste water system the temperature of cold water input is 
fluctuating. When the flow is high the temperature of input will decrease.   
Strengths of the work: 
The building is equipped with a new heating system. There are 50 flat plate solar collectors 
installed on the roof of the building. The total surface of 125 m² of the solar collectors will 
gain enough heat to support the demand of the hot water consumption. During a good sunny 
day the solar collectors will have an over production.  
The excel programs has been useful for getting some data, changing some parameters  like  
latitude, day number, surface tilted, surface azimuth, standard ,meridian, local meridian. With 
all this data it was possible to obtain data such as Solar altitude, Solar azimuth, Angle of 
incidence at surface and local azimuth angle. 
Weakness of the work: 
There are five groups of solar collector with 10 of them in each group. All groups have 
different angle of azimuth and the angle, preferred to the south, is not at its optimum.   
Solar collector system started to work recently and it should be adjusting to increase the 
efficiency.  Sometimes the temperature of the collector reaches a high temperature what leads 
to a stop in the system. At this point there is no heat transfer and the system is not working. 
There are not any sensors to measure the temperature from the waste water and neither the 
flow, therefore it was very impossible to collect data from this part of the waste water system. 
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This way it was impossible to calculate the temperature and energy efficiency of heat 
exchanger. 
It has not possible to measure the solar radiation on the roof of this building, because It has 
not the property sensor for this measurements. 
In order to calculate the solar radiation that the solar collector absorbed, the global and direct 
radiation for each day were gotten in a web page of internet, so it means that this data would 
be more accuracy if it was taken every day in Valbo. Also the ambient temperature has been 
obtained from internet. 
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Conclusion  
 
The waste water system is working stable. The average temperature going into the system is 
12 ° Celsius. The average temperature going out of the system is 20° Celsius. These 
temperatures are during the whole day practically the same. The data that is collected is only 
from one part of the heat exchanger. It is the cold water going into the system, then heated 
and coming out of the system. About the part that is heating the cold flow in the heat 
exchanger is neither temperatures nor efficiency known.   However there is no data from the 
waste water that is heating the cold water, the conclusion can be made that an average 
increase of 8°C will save energy and also money.  
It would be an improvement to install sensors of temperatures inside the incoming and 
outgoing pipes of the waste water. Installing sensors will make it possible to calculate the 
efficiency of the waste water system.  
The calculated power that is absorbed from the waste water is 22,4436 kW·h on 05-06-2013 
and 15,1357 kW·h on 06-06-2013. 
Regarding the efficiency of solar collector heat exchanger, the results obtained has been 
successfully as theoretically expected. Around 95% of the heat transfer from the solar 
collector is absorbs by the water flow on the second circuit of the system. 
During the week this has obtained an average of the energy transfer from almost 30 kW·h and 
in addition of the energy delivered by waste water system almost another 20kW·h.  It has 
obtained an important contribution of energy in the total system to increase the temperature of 
the consumption water.  
It is important to say that the system started to work a few weeks before the start of this 
project. Therefore, there are not enough data, to see how the system could work during whole 
year. 
In order to calculate the efficiency of the tanks (heat exchanger) , is important to know how 
the system is working because, not all the time, the flow is pumping in to the same tanks, 
therefore the temperatures needed for calculating the efficiency, could changes  during the 
time. 
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Appendix 
Appendix 1, blue print Furugården water system  
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Appendix 2,  Data systems, except solar collectors 
 
Cloudy WasteWater System   
TIME Tin Tout Flow(m
3) Flow(m3) Energy (MWh) Q3Energy kW.h 
7:10 15,6 19,5 217,183 0 2,305 0,0000 
7:20 13,4 19,5 217,393 0,21 2,305 8,8987 
7:30 13,8 20 217,685 0,292 2,305 12,5762 
7:40 12,8 20,7 217,775 0,09 2,305 4,9391 
7:50 11,8 20,2 217,874 0,099 2,306 5,7768 
8:00 11,4 19,3 218,084 0,21 2,306 11,5245 
8:10 11 19,2 218,161 0,077 2,307 4,3861 
8:20 11 17,3 218,169 0,008 2,308 0,3501 
8:30 12,2 17,1 218,28 0,111 2,308 3,7783 
8:40 12,6 19,7 218,31 0,03 2,308 1,4796 
8:50 13,1 19,2 218,327 0,017 2,308 0,7204 
9:00 12,4 21,1 218,348 0,021 2,308 1,2692 
9:10 11,4 20,8 218,413 0,065 2,309 4,2444 
9:20 11 20,6 218,483 0,07 2,31 4,6682 
9:30 11,8 20,1 218,51 0,027 2,31 1,5567 
9:40 12,3 20,5 218,533 0,023 2,31 1,3101 
9:50 12,8 21 218,547 0,014 2,311 0,7975 
10:00 11,1 21,4 218,601 0,054 2,311 3,8637 
10:10 12,6 20,7 218,617 0,016 2,311 0,9003 
10:20 12,1 20 218,627 0,01 2,311 0,5488 
10:30 12,1 21,1 218,667 0,04 2,312 2,5008 
10:40 11 18,9 218,761 0,094 2,313 5,1586 
10:50 11,5 18,2 218,773 0,012 2,313 0,5585 
11:00 11,8 20,4 218,796 0,023 2,313 1,3741 
11:10 12 20,9 218,827 0,031 2,313 1,9166 
11:20 11,3 21 218,887 0,06 2,314 4,0430 
11:30 11,6 20,4 218,906 0,019 2,314 1,1615 
11:40 11,6 21 218,939 0,033 2,315 2,1549 
11:50 11,9 20,7 218,946 0,007 2,315 0,4279 
12:00 13 20,8 218,948 0,002 2,315 0,1084 
12:10 12,1 20,8 218,966 0,018 2,315 1,0878 
12:20 12,1 21,5 218,984 0,018 2,315 1,1754 
12:30 12,2 20,4 219,016 0,032 2,315 1,8228 
12:40 12,3 20,1 219,039 0,023 2,316 1,2462 
12:50 11,9 20,2 219,054 0,015 2,316 0,8649 
13:00 12,6 20,6 219,067 0,013 2,316 0,7225 
13:10 12,1 20,6 219,087 0,02 2,316 1,1809 
13:20 13,1 20,9 219,092 0,005 2,316 0,2709 
13:30 12,06 21 219,112 0,02 2,316 1,2421 
13:40 13,2 21,3 219,12 0,008 2,316 0,4501 
13:50 12,6 21,6 219,146 0,026 2,317 1,6255 
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14:00 11,6 21,5 219,18 0,034 2,317 2,3382 
14:10 11,3 21,4 219,218 0,038 2,317 2,6661 
14:20 12,6 20,9 219,229 0,011 2,318 0,6342 
14:30 13,3 20,3 219,231 0,002 2,318 0,0973 
14:40 14,1 20,3 219,232 0,001 2,318 0,0431 
14:50 14,2 19,4 219,236 0,004 2,318 0,1445 
15:00 14,1 19,4 219,238 0,002 2,318 0,0736 
15:10 13,3 18,8 219,247 0,009 2,318 0,3439 
15:20 13,8 20 219,256 0,009 2,318 0,3876 
15:30 13,9 21,2 219,263 0,007 2,318 0,3550 
15:40 14,4 21,1 219,267 0,004 2,318 0,1862 
15:50 13,4 20,8 219,278 0,011 2,318 0,5655 
16:00 12,3 20,2 219,309 0,031 2,318 1,7012 
16:10 12,2 19,3 219,333 0,024 2,318 1,1837 
16:20 13 19,4 219,351 0,018 2,319 0,8003 
16:30 13,5 19,3 219,358 0,007 2,319 0,2820 
16:40 13,3 19 219,363 0,005 2,319 0,1980 
16:50 12,5 19 219,371 0,008 2,319 0,3612 
17:00 13,2 19,3 219,373 0,002 2,319 0,0847 
17:10 13,4 19,1 219,378 0,005 2,319 0,1980 
17:20 12,6 20,8 219,411 0,033 2,319 1,8798 
17:30 12,5 21 219,442 0,031 2,319 1,8304 
17:40 13,4 20,8 219,448 0,006 2,319 0,3084 
17:50 12,7 20,5 219,461 0,013 2,32 0,7044 
18:00 11,5 21,1 219,498 0,037 2,32 2,4675 
18:10 12,1 20,6 219,537 0,039 2,32 2,3028 
18:20 12,3 20,7 219,55 0,013 2,32 0,7586 
18:30 12 20,5 219,563 0,013 2,32 0,7676 
18:40 11,7 20,3 219,642 0,079 2,321 4,7196 
18:50 12,8 20,4 219,654 0,012 2,321 0,6335 
19:00 12,2 19,9 219,672 0,018 2,322 0,9628 
Total 1,588 2,489 0,017 22,4436 
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Cloudy Water Tanks System     
TIME Tin Tout Energy (MWh) Flow(m
3) Flow consuption(m3) Q2. Energy kW/h 
7:10 20,3 45,6 0,768 218,767 0 0,0000 
7:20 19,8 49,1 0,769 218,783 0,016 0,5428 
7:30 20,3 48,4 0,769 218,8 0,017 0,5531 
7:40 20,9 49,6 0,77 218,833 0,033 1,0965 
7:50 20,4 49 0,773 218,9 0,067 2,2185 
8:00 19,5 48,7 0,775 218,959 0,059 1,9946 
8:10 19,3 47,8 0,777 219,041 0,082 2,7057 
8:20 17,7 46,6 0,781 219,143 0,102 3,4129 
8:30 17,4 46,3 0,781 219,156 0,013 0,4350 
8:40 20 46 0,782 219,184 0,028 0,8429 
8:50 19,2 47 0,783 219,204 0,02 0,6437 
9:00 21,3 45,6 0,784 219,224 0,02 0,5627 
9:10 20,9 45,5 0,785 219,287 0,063 1,7943 
9:20 20,8 45,2 0,787 219,354 0,067 1,8927 
9:30 20,4 45,2 0,788 219,384 0,03 0,8614 
9:40 20,6 45,8 0,789 219,406 0,022 0,6419 
9:50 21 44,7 0,789 219,419 0,013 0,3567 
10:00 21,7 46,5 0,791 219,474 0,055 1,5792 
10:10 20,9 46,6 0,791 219,49 0,016 0,4761 
10:20 20,4 46,8 0,792 219,5 0,01 0,3057 
10:30 21,2 53,8 0,793 219,545 0,045 1,6985 
10:40 19,3 52,1 0,797 219,634 0,089 3,3798 
10:50 18,5 52,9 0,797 219,646 0,012 0,4779 
11:00 20,5 54,6 0,798 219,669 0,023 0,9080 
11:10 21 54,9 0,799 219,703 0,034 1,3345 
11:20 21,3 55 0,802 219,761 0,058 2,2630 
11:30 20,6 55,3 0,802 219,784 0,023 0,9240 
11:40 21,3 54,6 0,803 219,813 0,029 1,1181 
11:50 20,9 55,1 0,804 219,821 0,008 0,3168 
12:00 20,9 52 0,804 219,825 0,004 0,1440 
12:10 20,9 54,8 0,805 219,843 0,018 0,7065 
12:20 21,7 54,9 0,805 219,859 0,016 0,6150 
12:30 20,6 55,2 0,807 219,895 0,036 1,4421 
12:40 20,3 54,5 0,808 219,916 0,021 0,8315 
12:50 20,5 54,5 0,808 219,932 0,016 0,6298 
13:00 20,7 55,1 0,809 219,946 0,014 0,5576 
13:10 20,6 54,7 0,81 219,968 0,022 0,8686 
13:20 20,9 53,6 0,81 219,97 0,002 0,0757 
13:30 21 55 0,811 219,991 0,021 0,8267 
13:40 21,6 54,1 0,811 219,999 0,008 0,3010 
13:50 21,6 55 0,812 220,022 0,023 0,8894 
14:00 21 54,9 0,813 220,059 0,037 1,4522 
14:10 21,7 54,7 0,815 220,098 0,039 1,4901 
14:20 21,2 54,3 0,815 220,109 0,011 0,4215 
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14:30 20,8 52,4 0,815 220,109 0 0,0000 
14:40 20,9 51 0,815 220,112 0,003 0,1045 
14:50 20 52,8 0,815 220,116 0,004 0,1519 
15:00 19,7 53,9 0,816 220,124 0,008 0,3168 
15:10 19,2 53,1 0,816 220,129 0,005 0,1962 
15:20 19,8 54,5 0,816 220,138 0,009 0,3616 
15:30 21,4 54,8 0,816 220,145 0,007 0,2707 
15:40 21,5 51,9 0,817 220,149 0,004 0,1408 
15:50 21,1 55,2 0,817 220,16 0,011 0,4343 
16:00 20,5 55,4 0,818 220,192 0,032 1,2930 
16:10 19,5 55 0,819 220,218 0,026 1,0686 
16:20 19,7 54,1 0,82 220,236 0,018 0,7169 
16:30 19,7 53,8 0,82 220,242 0,006 0,2369 
16:40 19,8 50,8 0,821 220,249 0,007 0,2512 
16:50 19 54 0,821 220,258 0,009 0,3647 
17:00 19,5 52,5 0,821 220,26 0,002 0,0764 
17:10 19,7 50,8 0,821 220,264 0,004 0,1440 
17:20 21 55,2 0,822 220,297 0,033 1,3067 
17:30 20,9 55,4 0,824 220,333 0,036 1,4380 
17:40 21,2 53,8 0,824 220,334 0,001 0,0377 
17:50 20,7 53,7 0,824 220,384 0,05 1,9103 
18:00 21,4 54,8 0,826 220,398 0,014 0,5414 
18:10 20,7 55,3 0,827 220,421 0,023 0,9214 
18:20 20,8 54,7 0,828 220,434 0,013 0,5102 
18:30 20,7 54,9 0,83 220,464 0,03 1,1879 
18:40 20,6 55,3 0,831 220,522 0,058 2,3301 
18:50 20,6 53,4 0,832 220,539 0,017 0,6456 
19:00 20,2 55,1 0,833 220,555 0,016 0,6465 
  
  
0,065 1,788   64,1930 
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Cloudy District Heating (Heat Exchanger)     
TIME Tin  Tout 
Flow 
(l/h) 
Power 
(kW) 
Energy 
(MWh) 
Flow(m3) 
 
Flow(m3) 
Q4Energy 
kW/h 
7:10 69,97 41,77 342 9,9 274,687 6676,8 0 0,0000 
7:20 67,65 42,77 354 10 274,689 6676,87 0,07 12,0983 
7:30 69,91 43,87 462 12,2 274,691 6676,94 0,07 12,6624 
7:40 66,79 43,5 444 11,9 274,693 6677,01 0,07 11,3252 
7:50 66,95 44,32 516 13,2 274,695 6677,08 0,07 11,0042 
8:00 67,13 45,21 390 9,8 274,697 6677,16 0,08 12,1817 
8:10 67,66 47 606 14,3 274,699 6677,24 0,08 11,4815 
8:20 67,93 45,68 336 8,4 274,701 6677,33 0,09 13,9107 
8:30 67,65 46,42 324 7,9 274,702 6677,38 0,05 7,3739 
8:40 67,31 46,09 294 7,1 274,704 6677,45 0,07 10,3186 
8:50 66,76 44,98 456 11,4 274,706 6677,51 0,06 9,0779 
9:00 66,68 45,06 408 9,8 274,707 6677,58 0,07 10,5131 
9:10 65,63 46,52 444 9,7 274,709 6677,66 0,08 10,6201 
9:20 65,13 47,17 630 13 274,711 6677,75 0,09 11,2286 
9:30 65 45,88 378 8,3 274,713 6677,84 0,09 11,9538 
9:40 65,49 47,53 354 7,3 274,714 6677,91 0,07 8,7333 
9:50 65,95 47 426 9,1 274,716 6677,96 0,05 6,5820 
10:00 66,59 47,85 618 13,2 274,717 6678,03 0,07 9,1126 
10:10 66,48 49,73 282 5,4 274,719 6678,1 0,07 8,1450 
10:20 66,43 51,83 300 4,9 274,719 6678,14 0,04 4,0569 
10:30 66,68 52,23 294 4,9 274,72 6678,2 0,06 6,0228 
10:40 66,6 51,56 294 5 274,721 6678,26 0,06 6,2687 
10:50 66,1 52,15 264 4,2 274,722 6678,31 0,05 4,8453 
11:00 65,65 52,24 288 4,2 274,723 6678,36 0,05 4,6577 
11:10 65,37 52,55 312 4,5 274,724 6678,41 0,05 4,4528 
11:20 65,11 52,77 324 4,4 274,724 6678,46 0,05 4,2861 
11:30 64,8 52,33 288 4,2 274,725 6678,51 0,05 4,3312 
11:40 64,71 52,36 312 4,4 274,726 6678,57 0,06 5,1475 
11:50 64,82 52,63 324 4,5 274,727 6678,62 0,05 4,2340 
12:00 64,95 52,2 294 4,3 274,727 6678,67 0,05 4,4285 
12:10 65,17 52,55 318 4,6 274,728 6678,72 0,05 4,3833 
12:20 65,19 52,53 282 4 274,729 6678,77 0,05 4,3972 
12:30 65,24 52,23 282 4,2 274,729 6678,82 0,05 4,5188 
12:40 65,46 53,36 276 4,1 274,73 6678,87 0,05 4,2027 
12:50 65,77 62,39 282 4,3 274,731 6678,92 0,05 1,1740 
13:00 65,95 52,35 276 4,3 274,732 6678,96 0,04 3,7790 
13:10 66,14 52,18 264 4,3 274,732 6679,01 0,05 4,8488 
13:20 66,22 52,32 258 4 274,733 6679,07 0,06 5,7935 
13:30 66,21 52,47 270 4,2 274,734 6679,1 0,03 2,8634 
13:40 66,09 52,14 276 4,2 274,735 6679,15 0,05 4,8453 
13:50 66,05 52,18 294 4,9 274,735 6679,19 0,04 3,8540 
14:00 66,24 52,5 342 5,3 274,736 6679,24 0,05 4,7724 
14:10 66,72 52,69 294 4,6 274,737 6679,29 0,05 4,8731 
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14:20 
 
66,95 52,14 258 4,3 274,737 6679,33 0,04 4,1152 
14:30 66,95 52,12 270 4,5 274,738 6679,38 0,05 5,1510 
14:40 66,95 52,09 246 4,1 274,739 6679,42 0,04 4,1291 
14:50 67,03 52,13 246 4,2 274,74 6679,46 0,04 4,1402 
15:00 67,14 52,03 246 4,2 274,74 6679,5 0,04 4,1986 
15:10 67,23 52,05 282 4,6 274,741 6679,54 0,04 4,2180 
15:20 67,23 52,36 246 4,1 274,742 6679,59 0,05 5,1648 
15:30 67,28 52,18 252 4,1 274,743 6679,63 0,04 4,1958 
15:40 67,23 52,11 276 4,7 274,744 6679,67 0,04 4,2013 
15:50 67,2 52,49 246 3,9 274,745 6679,71 0,04 4,0874 
16:00 67,14 52,42 246 4,2 274,745 6679,76 0,05 5,1127 
16:10 67,2 52,28 246 3,9 274,746 6679,8 0,04 4,1458 
16:20 67,44 52,25 240 4,1 274,746 6679,84 0,04 4,2208 
16:30 67,74 52,01 228 4,1 274,747 6679,88 0,04 4,3708 
16:40 68,11 52,1 234 4,5 274,748 6679,94 0,06 6,6730 
16:50 68,28 52,38 234 4,2 274,748 6679,96 0,02 2,2090 
17:00 68,27 52,08 228 4,2 274,749 6680 0,04 4,4987 
17:10 68,18 52 248 4,5 274,75 6680,04 0,04 4,4959 
17:20 68,2 52,2 252 4,5 274,571 6680,08 0,04 4,4459 
17:30 67,77 52,99 246 4,1 274,571 6680,13 0,05 5,1336 
17:40 67,49 52,14 240 4,2 274,752 6680,17 0,04 4,2653 
17:50 67,3 52,25 282 4,8 274,753 6680,21 0,04 4,1819 
18:00 67,29 52,72 294 4,9 274,754 6680,25 0,04 4,0485 
18:10 67,28 52,68 282 4,7 274,754 6680,3 0,05 5,0711 
18:20 67,27 52,07 246 4,1 274,755 6680,33 0,03 3,1677 
18:30 67,44 52,25 240 4,1 274,756 6680,38 0,05 5,2760 
18:40 67,26 53,23 228 3,6 274,757 6680,43 0,05 4,8731 
18:50 67,32 52,21 246 4,2 274,757 6680,47 0,04 4,1986 
19:00 67,39 52,71 270 4,5 274,758 6680,51 0,04 4,0791 
  
    
0,071 3,71   70,5714 
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Cloudy Consuption of hot water 
TIME Flow(m3) Total demand (m3)  Flow(m3) Q4Energy kW/h Power kW 
7:10 242,75 0 0 0,00 0,0000 
7:20 242,77 0,02 0,02 0,25 12,18 
7:30 242,77 0,02 0 0,00 11,48 
7:40 242,78 0,03 0,01 0,12 13,91 
7:50 242,87 0,12 0,09 1,15 7,37 
8:00 242,9 0,15 0,03 0,39 10,32 
8:10 242,99 0,24 0,09 1,27 9,08 
8:20 243,13 0,38 0,14 2,17 10,51 
8:30 243,14 0,39 0,01 0,16 10,62 
8:40 243,17 0,42 0,03 0,49 11,23 
8:50 243,18 0,43 0,01 0,15 11,95 
9:00 243,22 0,47 0,04 0,67 8,73 
9:10 243,28 0,53 0,06 1,01 6,58 
9:20 243,33 0,58 0,05 0,86 9,11 
9:30 243,38 0,63 0,05 0,86 8,14 
9:40 243,4 0,65 0,02 0,33 4,06 
9:50 243,41 0,66 0,01 0,18 6,02 
10:00 243,46 0,71 0,05 0,78 6,27 
10:10 243,5 0,75 0,04 0,62 4,85 
10:20 243,51 0,76 0,01 0,15 4,66 
10:30 243,55 0,8 0,04 0,29 4,45 
10:40 243,63 0,88 0,08 0,73 4,29 
10:50 243,67 0,92 0,04 0,33 4,33 
11:00 243,7 0,95 0,03 0,19 5,15 
11:10 243,71 0,96 0,01 0,06 4,23 
11:20 243,78 1,03 0,07 0,41 4,43 
11:30 243,81 1,06 0,03 0,16 4,38 
11:40 243,85 1,1 0,04 0,25 4,40 
11:50 243,86 1,11 0,01 0,06 4,52 
12:00 243,87 1,12 0,01 0,09 4,20 
12:10 243,88 1,13 0,01 0,06 1,17 
12:20 243,91 1,16 0,03 0,18 3,78 
12:30 243,94 1,19 0,03 0,17 4,85 
12:40 243,97 1,22 0,03 0,19 5,79 
12:50 243,97 1,22 0 0,00 2,86 
13:00 244,01 1,26 0,04 0,23 4,85 
13:10 244,03 1,28 0,02 0,12 3,85 
13:20 244,05 1,3 0,02 0,15 4,77 
13:30 244,06 1,31 0,01 0,06 4,87 
13:40 244,08 1,33 0,02 0,14 4,12 
13:50 244,1 1,35 0,02 0,12 5,15 
14:00 244,12 1,37 0,02 0,12 4,13 
14:10 244,13 1,38 0,01 0,06 4,14 
14:20 244,18 1,43 0,05 0,33 4,20 
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14:30 244,2 1,45 0,02 0,18 4,22 
14:40 244,21 1,46 0,01 0,10 5,16 
14:50 244,21 1,46 0 0,00 4,20 
15:00 244,22 1,47 0,01 0,07 4,20 
15:10 244,23 1,48 0,01 0,08 4,09 
15:20 244,23 1,48 0 0,00 5,11 
15:30 244,24 1,49 0,01 0,06 4,15 
15:40 244,25 1,5 0,01 0,09 4,22 
15:50 244,27 1,52 0,02 0,11 4,37 
16:00 244,3 1,55 0,03 0,16 6,67 
16:10 244,32 1,57 0,02 0,12 2,21 
16:20 244,35 1,6 0,03 0,20 4,50 
16:30 244,36 1,61 0,01 0,07 4,50 
16:40 244,37 1,62 0,01 0,11 4,45 
16:50 244,38 1,63 0,01 0,07 5,13 
17:00 244,38 1,63 0 0,00 4,27 
17:10 244,39 1,64 0,01 0,11 4,18 
17:20 244,43 1,68 0,04 0,22 4,05 
17:30 244,45 1,7 0,02 0,11 5,07 
17:40 244,47 1,72 0,02 0,14 3,17 
17:50 244,48 1,73 0,01 0,07 5,28 
18:00 244,52 1,77 0,04 0,24 4,87 
18:10 244,56 1,81 0,04 0,22 4,20 
18:20 244,58 1,83 0,02 0,12 4,08 
18:30 244,61 1,86 0,03 0,00 5,28 
18:40 244,66 1,91 0,05 0,00 4,73 
18:50 244,69 1,94 0,03 0,00 4,20 
19:00 244,7 1,95 0,01 0,00 4,01 
  1,95 
  
18,73 65,7588 
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Cloudy WasteWater System   
TIME Tin Tout Flow(m
3) Flow consumed in each 10 min(m3) Energy (MWh) Q3Energy kW 
7:10 14,3 19,3 220,215 0 2,326 0,0000 
7:20 13,4 19,1 220,22 0,005 2,326 0,1980 
7:30 13,7 18,8 220,222 0,002 2,326 0,0709 
7:40 13 19,8 220,239 0,017 2,326 0,8030 
7:50 13,2 20 220,252 0,013 2,326 0,6141 
8:00 11,4 20 220,329 0,077 2,327 4,6001 
8:10 12,3 18,7 220,372 0,043 2,327 1,9117 
8:20 13,1 18,4 220,376 0,004 2,327 0,1473 
8:30 12,4 20,8 220,408 0,032 2,328 1,8673 
8:40 13 20,3 220,426 0,018 2,328 0,9128 
8:50 11,9 20,3 220,469 0,043 2,328 2,5091 
9:00 11,4 20,4 220,522 0,053 2,329 3,3136 
9:10 12,5 20,5 220,534 0,012 2,329 0,6669 
9:20 12,1 20,2 220,584 0,05 2,329 2,8134 
9:30 11,3 20,3 220,62 0,036 2,33 2,2507 
9:40 11,3 20,3 220,669 0,049 2,33 3,0635 
9:50 11,2 19,8 220,725 0,056 2,331 3,3455 
10:00 12,1 19,3 220,748 0,023 2,331 1,1504 
10:10 12,2 19,8 220,778 0,03 2,331 1,5838 
10:20 12 19,7 220,799 0,021 2,331 1,1233 
10:30 13 20,3 220,809 0,01 2,331 0,5071 
10:40 13,2 20,7 220,816 0,007 2,332 0,3647 
10:50 12,4 20,9 220,835 0,019 2,332 1,1219 
11:00 12,8 20,9 220,847 0,012 2,332 0,6752 
11:10 12,4 20,9 220,871 0,024 2,332 1,4171 
11:20 12,5 20,7 220,895 0,024 2,332 1,3671 
11:30 13,1 20,2 220,921 0,026 2,333 1,2824 
11:40 13 20,7 220,944 0,023 2,333 1,2303 
11:50 12,7 19,9 220,963 0,019 2,333 0,9503 
12:00 12,9 21,1 220,976 0,013 2,333 0,7405 
12:10 12,6 20,1 220,989 0,013 2,333 0,6773 
12:20 13,2 20,3 220,989 0 2,333 0,0000 
12:30 13,5 19,5 220,993 0,004 2,333 0,1667 
12:40 13,8 19,4 221 0,007 2,333 0,2723 
12:50 13,2 20,6 221,015 0,015 2,333 0,7711 
13:00 14,2 20,6 221,017 0,002 2,333 0,0889 
13:10 14,3 20,4 221,025 0,008 2,333 0,3390 
13:20 13,2 20,1 221,043 0,018 2,333 0,8628 
13:30 12,7 20,4 221,07 0,027 2,334 1,4442 
13:40 12,5 20,2 221,116 0,046 2,334 2,4605 
13:50 11,7 21 221,176 0,06 2,334 3,8762 
14:00 11,8 20,6 221,22 0,044 2,335 2,6897 
14:10 12,2 22,4 221,265 0,045 2,336 3,1885 
14:20 12,7 22,8 221,29 0,025 2,336 1,7540 
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14:30 12,6 22,9 221,299 0,009 2,336 0,6440 
14:40 12,6 22,6 221,314 0,015 2,336 1,0420 
14:50 12,3 23,1 221,329 0,015 2,336 1,1254 
15:00 12,1 23,2 221,346 0,017 2,337 1,3108 
15:10 12,3 22,5 221,369 0,023 2,337 1,6297 
15:20 12,2 21,8 221,38 0,011 2,337 0,7336 
15:30 12 22,6 221,394 0,014 2,337 1,0309 
15:40 13,1 23,7 221,403 0,009 2,337 0,6627 
15:50 12,6 22,5 221,423 0,02 2,338 1,3754 
16:00 13,2 22,5 221,434 0,011 2,338 0,7106 
16:10 13,4 20,7 221,451 0,017 2,338 0,8621 
16:20 13,6 20,4 221,455 0,004 2,338 0,1889 
16:30 12,4 20,7 221,47 0,015 2,338 0,8649 
16:40 12,3 21,4 221,491 0,021 2,338 1,3275 
16:50 13,1 21,5 221,496 0,005 2,338 0,2918 
17:00 12,5 21,8 221,523 0,027 2,338 1,7443 
17:10 13,1 22 221,532 0,009 2,339 0,5564 
17:20 13,1 21,6 221,543 0,011 2,339 0,6495 
17:30 13,4 21,3 221,551 0,008 2,339 0,4390 
17:40 13,9 21 221,554 0,003 2,339 0,1480 
17:50 13,4 20,3 221,56 0,006 2,339 0,2876 
18:00 14,4 20,2 221,562 0,002 2,339 0,0806 
18:10 13,1 20,9 221,602 0,04 2,339 2,1674 
18:20 12,6 20,5 221,625 0,023 2,339 1,2622 
18:30 12,4 21,1 221,663 0,038 2,34 2,2966 
18:40 12,2 20,6 221,728 0,065 2,34 3,7929 
18:50 12,1 20,3 221,751 0,023 2,341 1,3101 
19:00 11,9 21,1 221,768 0,017 2,341 1,0865 
Total 1,553 1,553 0,015 15,1357 
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Cloudy Water Tanks System     
TIME Tin Tout Energy (MWh) Flow(m
3) Flow consuption(m3) Q2. Energy kW/h 
7:10 20,4 50,3 0,854 221,101 0 0,0000 
7:20 19,5 53,8 0,854 221,111 0,01 2,3827 
7:30 19,4 51,6 0,854 221,113 0,002 0,4474 
7:40 19,9 53,8 0,855 221,129 0,016 3,7679 
7:50 20,3 54,9 0,855 221,142 0,013 3,1246 
8:00 20,4 55,4 0,858 221,213 0,071 17,2625 
8:10 18,9 54,5 0,86 221,26 0,047 11,6232 
8:20 18,7 53,5 0,86 221,265 0,005 1,2087 
8:30 20,7 54,3 0,862 221,297 0,032 7,4691 
8:40 20,6 54,2 0,862 221,313 0,016 3,7345 
8:50 20,6 54,6 0,864 221,36 0,047 11,1008 
9:00 20,7 54,7 0,866 221,414 0,054 12,7541 
9:10 20,6 53,1 0,867 221,424 0,01 2,2577 
9:20 20,6 54,5 0,868 221,473 0,049 11,5391 
9:30 20,6 54,7 0,87 221,51 0,037 8,7646 
9:40 20,5 55 0,872 221,558 0,048 11,5037 
9:50 20,2 55,2 0,874 221,615 0,057 13,8586 
10:00 19,6 54,7 0,875 221,638 0,023 5,6080 
10:10 19,9 55,1 0,876 221,668 0,03 7,3357 
10:20 20 55,4 0,877 221,689 0,021 5,1642 
10:30 20,5 54,1 0,878 221,699 0,01 2,3341 
10:40 20,9 53,8 0,878 221,707 0,008 1,8284 
10:50 21 53,9 0,879 221,726 0,019 4,3424 
11:00 20,9 54,7 0,879 221,738 0,012 2,8176 
11:10 20,9 56,4 0,88 221,761 0,023 5,6720 
11:20 20,8 55,9 0,881 221,787 0,026 6,3395 
11:30 20,3 56,7 0,882 221,812 0,025 6,3215 
11:40 20,8 53,7 0,883 221,837 0,025 5,7136 
11:50 20,2 54,3 0,884 221,854 0,017 4,0270 
12:00 21,2 56,1 0,884 221,869 0,015 3,6366 
12:10 20,1 57,2 0,885 221,881 0,012 3,0927 
12:20 20,3 56,3 0,885 221,881 0 0,0000 
12:30 20,2 53 0,885 221,884 0,003 0,6836 
12:40 19,5 55,3 0,885 221,891 0,007 1,7408 
12:50 20,6 56,4 0,886 221,907 0,016 3,9791 
13:00 20,7 57,1 0,886 221,909 0,002 0,5057 
13:10 21 54,3 0,886 221,915 0,006 1,3879 
13:20 20,1 55,7 0,887 221,935 0,02 4,9460 
13:30 20,6 57,4 0,888 221,959 0,024 6,1353 
13:40 20,5 58 0,89 222,007 0,048 12,5040 
13:50 21,2 58,5 0,892 222,065 0,058 15,0284 
14:00 21 56,9 0,894 222,11 0,045 11,2223 
14:10 22,7 59,1 0,896 222,152 0,042 10,6201 
14:20 22,9 56,1 0,897 222,179 0,027 6,2270 
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14:30 23 57,9 0,898 222,189 0,01 2,4244 
14:40 22,7 57 0,898 222,204 0,015 3,5741 
14:50 23,1 55,9 0,899 222,218 0,014 3,1899 
15:00 23,3 55,3 0,899 222,236 0,018 4,0013 
15:10 22,9 57,4 0,9 222,259 0,023 5,5122 
15:20 22,2 58 0,901 222,269 0,01 2,4869 
15:30 22,6 56,2 0,901 222,283 0,014 3,2677 
15:40 23,7 56,3 0,902 222,294 0,011 2,4911 
15:50 22,9 56,2 0,902 222,313 0,019 4,3952 
16:00 23 55,4 0,903 222,325 0,012 2,7009 
16:10 21 56,8 0,904 222,343 0,018 4,4764 
16:20 20,9 51 0,904 222,345 0,002 0,4182 
16:30 20,8 55,4 0,904 222,361 0,016 3,8457 
16:40 21,4 56,5 0,905 222,383 0,022 5,3642 
16:50 21,8 55,4 0,905 222,39 0,007 1,6339 
17:00 21,9 57,4 0,907 222,419 0,029 7,1516 
17:10 22,2 55,5 0,907 222,429 0,01 2,3132 
17:20 21,8 56,8 0,907 222,441 0,012 2,9176 
17:30 21,7 55,3 0,908 222,448 0,007 1,6339 
17:40 21,4 54,4 0,908 222,452 0,004 0,9170 
17:50 20,6 56,9 0,908 222,458 0,006 1,5130 
18:00 20,9 54,4 0,908 222 0,001 0,2327 
18:10 20,9 57,2 0,91 222,497 0,038 9,5822 
18:20 20,7 58,1 0,911 222,522 0,025 6,4951 
18:30 21,1 57,1 0,912 222,556 0,034 8,5027 
18:40 20,7 55,5 0,915 222,625 0,069 16,6803 
18:50 20,6 56,8 0,916 222,64 0,015 3,7720 
19:00 21,1 57,8 0,917 222,664 0,024 6,1186 
  
  
0,063 1,563 
 
63,2707 
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Cloud
y 
District Heating (Heat Exchanger)     
TIME Tin  Tout 
Flow 
(l/h) 
Power 
(kW) 
Energy 
(MWh) 
Flow(m3)  Flow(m3) 
Q4Energy 
kW/h 
7:10 66,53 
44,5
7 
354 9,1 274,88 6685,2 0 0,0000 
7:20 66,57 
43,3
5 
372 9,9 274,881 6685,25 0,05 8,0651 
7:30 66,48 
44,8
2 
366 8,9 274,883 6685,3 0,05 7,5232 
7:40 66,37 
45,9
1 
348 8,5 274,884 6685,36 0,06 8,5277 
7:50 66,2 
44,4
8 
372 9,3 274,885 6685,41 0,05 7,5441 
8:00 66,25 
45,0
3 
408 9,9 274,887 6685,46 0,05 7,3704 
8:10 66,35 
45,9
5 
348 8,1 274,889 6685,55 0,09 12,7541 
8:20 66,38 
45,3
4 
342 8,2 274,89 6685,61 0,06 8,7695 
8:30 66,47 
45,6
2 
378 9 274,892 6685,67 0,06 8,6903 
8:40 66,44 
45,8
1 
378 8,9 274,893 6685,73 0,06 8,5986 
8:50 66,53 
45,8
3 
342 8,1 274,895 6685,79 0,06 8,6278 
9:00 66,97 
45,7
9 
336 8 274,896 6685,85 0,06 8,8278 
9:10 67,57 
43,8
5 
318 8,6 274,897 6685,9 0,05 8,2387 
9:20 67,63 
43,8
8 
330 8,8 274,899 6685,96 0,06 9,8990 
9:30 67,36 
45,6
9 
324 8 274,901 6686,02 0,06 9,0321 
9:40 67,13 
46,0
5 
366 8,8 274,902 6686,08 0,06 8,7861 
9:50 66,93 
47,1
9 
312 7,2 274,904 6686,14 0,06 8,2276 
10:00 66,74 
45,7
2 
324 7,5 274,905 6686,2 0,06 8,7611 
10:10 66,64 
47,4
5 
312 6,8 274,906 6686,25 0,05 6,6653 
10:20 66,72 48,3 318 6,7 274,907 6686,31 0,06 7,6775 
10:30 66,79 
47,7
8 
324 7 274,908 6686,36 0,05 6,6028 
10:40 66,73 
49,0
9 
288 5,8 274,909 6686,4 0,04 4,9016 
10:50 66,51 
49,6
3 
276 5,3 274,91 6686,45 0,05 5,8630 
11:00 66,28 
50,6
6 
270 4,6 274,911 6686,5 0,05 5,4253 
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11:10 66,13 
53,0
5 
300 4,4 274,912 6686,55 0,05 4,5431 
11:20 66,04 
52,1
8 
264 4,1 274,913 6686,6 0,05 4,8140 
11:30 65,97 
53,3
8 
264 3,8 274,914 6686,65 0,05 4,3729 
11:40 65,84 
52,2
7 
270 4,2 274,914 6686,69 0,04 3,7707 
11:50 65,8 52,8 330 4,7 274,915 6686,74 0,05 4,5153 
12:00 65,76 
52,1
6 
282 4,3 274,916 6686,78 0,04 3,7790 
12:10 65,8 
52,5
9 
300 4,5 274,916 6686,84 0,06 5,5059 
12:20 65,81 
52,1
5 
270 4,2 274,917 6686,87 0,03 2,8467 
12:30 65,86 
52,1
6 
270 4,2 274,918 6686,92 0,05 4,7585 
12:40 65,97 
52,1
2 
264 4,1 274,918 6686,97 0,05 4,8106 
12:50 66,01 
52,5
5 
264 4,1 274,919 6687,01 0,04 3,7401 
13:00 65,87 
52,1
8 
270 4,2 274,92 6687,06 0,05 4,7550 
13:10 65,77 
52,2
2 
318 4,9 274,921 6687,1 0,04 3,7651 
13:20 65,73 
52,7
4 
318 4,7 274,921 6687,15 0,05 4,5119 
13:30 65,67 
52,9
6 
318 4,6 274,922 6687,2 0,05 4,4146 
13:40 65,58 
52,8
9 
324 4,7 274,923 6687,24 0,04 3,5261 
13:50 65,59 
53,8
1 
252 3,4 274,923 6687,29 0,05 4,0916 
14:00 65,55 
53,3
1 
282 3,9 274,924 6687,34 0,05 4,2514 
14:10 65,54 
52,4
1 
306 4,6 274,925 6687,38 0,04 3,6484 
14:20 65,53 52,8 252 3,8 274,925 6687,43 0,05 4,4216 
14:30 65,65 
52,1
6 
276 4,2 274,926 6687,47 0,04 3,7484 
14:40 65,64 
52,4
8 
300 4,5 274,927 6687,52 0,05 4,5709 
14:50 65,64 
52,6
4 
300 4,4 274,927 6687,57 0,05 4,5153 
15:00 65,63 
52,3
9 
282 4,4 274,928 6687,61 0,04 3,6790 
15:10 65,55 
52,3
4 
264 3,9 274,929 6687,66 0,05 4,5883 
15:20 65,56 
52,6
7 
270 3,8 274,929 6687,7 0,04 3,5817 
15:30 65,56 52,6 300 4,4 274,93 6687,75 0,05 4,5014 
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15:40 65,59 
52,2
1 
270 4,1 274,931 6687,8 0,05 4,6473 
15:50 65,6 
53,2
1 
288 4 274,931 6687,84 0,04 3,4428 
16:00 65,54 
52,1
8 
282 4,3 274,932 6687,89 0,05 4,6404 
16:10 65,52 
52,5
3 
264 3,9 274,933 6687,95 0,06 5,4142 
16:20 65,46 
52,2
7 
282 4,1 274,934 6687,99 0,04 3,6651 
16:30 65,43 
52,1
1 
372 5,5 274,934 6688,03 0,04 3,7012 
16:40 65,45 
52,9
1 
306 4,2 274,935 6688,08 0,05 4,3556 
16:50 65,35 
52,4
6 
276 4 274,936 6688,13 0,05 4,4771 
17:00 65,36 
53,2
3 
288 3,9 274,936 6688,18 0,05 4,2132 
17:10 65,36 
52,2
9 
282 4,2 274,937 6688,22 0,04 3,6317 
17:20 65,47 
52,1
7 
282 4,4 274,938 6688,27 0,05 4,6195 
17:30 65,44 
52,2
3 
276 4,1 274,939 6688,32 0,05 4,5883 
17:40 65,47 
52,2
4 
270 4 274,939 6688,37 0,05 4,5952 
17:50 65,61 
52,3
3 
270 4,1 274,94 6688,42 0,05 4,6126 
18:00 65,63 
52,1
7 
270 4,1 274,941 6688,46 0,04 3,7401 
18:10 65,67 
53,3
4 
306 4 274,941 6688,51 0,05 4,2826 
18:20 65,61 53,9 234 3,1 274,942 6688,56 0,05 4,0673 
18:30 65,56 
53,6
2 
324 4,3 274,943 6688,61 0,05 4,1472 
18:40 65,38 
52,1
9 
276 4,1 274,943 6688,65 0,04 3,6651 
18:50 65,32 
52,5
6 
306 4,2 274,941 6688,68 0,03 2,6592 
19:00 65,29 
53,3
4 
306 4,1 274,944 6688,7 0,02 1,6603 
  
   
5,45 0,064 3,5   64,0387 
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Cloudy Consuption of hot water 
TIME Flow(m3) Total demand (m3)  Flow(m3) Q4Energy kW/h Power kW 
7:10 245,32 0 0 0,0000 0,0000 
7:20 245,33 0,01 0,01 0,07 1,23 
7:30 245,33 0,01 0 0,00 12,75 
7:40 245,35 0,03 0,02 0,14 8,77 
7:50 245,36 0,04 0,01 0,06 8,69 
8:00 245,42 0,1 0,06 0,32 8,60 
8:10 245,48 0,16 0,06 0,38 8,63 
8:20 245,49 0,17 0,01 0,08 8,83 
8:30 245,52 0,2 0,03 0,20 8,24 
8:40 245,54 0,22 0,02 0,13 9,90 
8:50 245,59 0,27 0,05 0,31 9,03 
9:00 245,65 0,33 0,06 0,37 8,79 
9:10 245,66 0,34 0,01 0,08 8,23 
9:20 245,71 0,39 0,05 0,32 8,76 
9:30 245,75 0,43 0,04 0,25 6,67 
9:40 245,79 0,47 0,04 0,23 7,68 
9:50 245,86 0,54 0,07 0,39 6,60 
10:00 245,89 0,57 0,03 0,18 4,90 
10:10 245,91 0,59 0,02 0,11 5,86 
10:20 245,94 0,62 0,03 0,16 5,43 
10:30 245,96 0,64 0,02 0,14 4,54 
10:40 245,97 0,65 0,01 0,07 4,81 
10:50 245,99 0,67 0,02 0,14 4,37 
11:00 246 0,68 0,01 0,06 3,77 
11:10 246,02 0,7 0,02 0,08 4,52 
11:20 246,06 0,74 0,04 0,19 3,78 
11:30 246,12 0,8 0,06 0,23 5,51 
11:40 246,13 0,81 0,01 0,07 2,85 
11:50 246,13 0,81 0 0,00 4,76 
12:00 246,16 0,84 0,03 0,14 4,81 
12:10 246,17 0,85 0,01 0,03 3,74 
12:20 246,18 0,86 0,01 0,04 4,75 
12:30 246,19 0,87 0,01 0,08 3,77 
12:40 246,19 0,87 0 0,00 4,51 
12:50 246,21 0,89 0,02 0,08 4,41 
13:00 246,21 0,89 0 0,00 3,53 
13:10 246,21 0,89 0 0,00 4,09 
13:20 246,24 0,92 0,03 0,15 4,25 
13:30 246,26 0,94 0,02 0,06 3,65 
13:40 246,32 1 0,06 0,14 4,42 
13:50 246,38 1,06 0,06 0,10 3,75 
14:00 246,43 1,11 0,05 0,18 4,57 
14:10 246,48 1,16 0,05 0,05 4,52 
14:20 246,51 1,19 0,03 0,14 3,68 
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14:30 246,53 1,21 0,02 0,05 4,59 
14:40 246,54 1,22 0,01 0,03 3,58 
14:50 246,56 1,24 0,02 0,09 4,50 
15:00 246,58 1,26 0,02 0,11 4,65 
15:10 246,61 1,29 0,03 0,09 3,44 
15:20 246,62 1,3 0,01 0,02 4,64 
15:30 246,63 1,31 0,01 0,04 5,41 
15:40 246,65 1,33 0,02 0,09 3,67 
15:50 246,66 1,34 0,01 0,04 3,70 
16:00 246,68 1,36 0,02 0,11 4,36 
16:10 246,7 1,38 0,02 0,07 4,48 
16:20 246,71 1,39 0,01 0,10 4,21 
16:30 246,72 1,4 0,01 0,05 3,63 
16:40 246,74 1,42 0,02 0,08 4,62 
16:50 246,75 1,43 0,01 0,05 4,59 
17:00 246,76 1,44 0,01 0,03 4,60 
17:10 246,8 1,48 0,04 0,21 4,61 
17:20 246,81 1,49 0,01 0,04 3,74 
17:30 246,81 1,49 0 0,00 4,28 
17:40 246,83 1,51 0,02 0,13 4,07 
17:50 246,83 1,51 0 0,00 4,15 
18:00 246,84 1,52 0,01 0,06 3,67 
18:10 246,85 1,53 0,01 0,03 2,66 
18:20 246,88 1,56 0,03 0,07 1,66 
18:30 246,91 1,59 0,03 0,10 0,00 
18:40 246,96 1,64 0,05 0,26 0,00 
18:50 247,03 1,71 0,07 0,26 0,00 
19:00 247,05 1,73 0,02 0,05 0,00 
  1,73 
  
Total energy 57,7383 
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